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ABSTRACT

Background and Purpose: Vernonia amygdalina (VA), known as bitter leaf, is a
valuable medicinal plant. Besides its use as a vegetable, the plant is also used in
the treatment of malaria, diabetes, diarrhea, venereal diseases, hepatitis,
gastrointestinal problems, skin diseases and wounds. The aim of this study is to
investigate the antioxidative properties of V. amygdalina and how it could be
used to reduce oxidative damage in the body.

Methods: V. Amygdalina leaves and stems were extracted using three different
solvents: water, ethanol and ethyl acetate. The following antioxidative activity
assays were conducted: o,a-diphenyl- B-picrylhydrazyl (DPPH) radical
scavenging ability, Fe” chelating ability, relative reducing power, and
superoxide anion scavenging ability. The different extracts were evaluated for
angiotensin I-converting enzyme inhibitory (ACEi) activities and active
ingredient contents, which included flavonoids, total phenolics, anthocyanins
and amino acids.

The results:

1. The aqueous extracts from VA leaves and stems had the highest content (24.9
and 27.2 %, respectively).

2. The antioxidant activities for the VA extracts obtained were as follows: the



ethanolic extract (stem higher than leaf, ECs, values were 0.52 and 0.78 mg/mL,
respectively) had the highest DPPH radical scavenging ability compared to the
ethyl acetate and water extracts. The ethanolic extract had the highest Fe?
chelating ability (leaf higher than stem, ECs values were 0.77 and 0.90 mg/mL,
respectively), and the ethyl acetate extract from the leaves had the lowest
antioxidant capacity. The highest reducing power was detected in the ethanolic
extract. Results showed that stems had better ability than leaves in all
extractions, with the ethyl acetate extract of stems showing the best superoxide
anion scavenging ability (ECs, value was 0.94 mg/mL).

3. The active ingredient content of VA extracts obtained was as follows: the
aqueous extracts from VA leaves and stems contained high level of anthocyanins,
with the highest concentration found in the leaf extracts (1.51 umole/g). The
aqueous extract had the highest total phenolics content (687.31 pg/mg) (leaf
higher than stem), followed by the ethanol and ethyl acetate extracts (111.15 and
49.62 ug/mg, respectively). Similar flavonoid content was detected in the
ethanol and ethyl acetate extracts (the highest concentration (29.26 pg/mg) was
detected in the ethyl acetate extract of stems), and the lowest content was found
in the aqueous extract. The highest amount of amino acids was detected in the

aqueous extract of leaves and stems, while the ethyl acetate extract had the least

vi



content.

4. ACE-inhibitory activity of the aqueous extract from the leaves and stems had
strong inhibitory activity (0.19 and 0.82 mg/mL, respectively) and the ethanol
stem extract had the lowest activity.

Conclusion: The ethanolic extract had the highest antioxidant activity, including
DPPH, ferrous ion chelating and reducing power. In addition, both the leaves
and stems extracts were found to have good antioxidative capacities. The
aqueous extract of VA leaves contained the highest levels of anthocyanins and
total phenolics. Flavonoid contents in the ethanolic and ethyl acetate extracts
were almost the same. A variety of amino acids was present in the aqueous
extract, and its concentration was higher than the other extracts. Aqueous
extracts were found to have strong ACEi activities. In summary, leaf and stem
extracts of VA showed antioxidant activities. In all the solvents that were used to
extract VA, the aqueous and ethanolic extracts were found to have the highest

antioxidant activities and active components.

Keywords: ACEI, amino acids, anthocyanins, antioxidant, flavonoids, total

phenolics, Vernonia amygdalina
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i W eAn Vi‘flsﬁ—‘lifi/ﬁa v w & pd A (free radical)d 4p B o A BR &N 3

BA2Y ¢ p R A2 B 1EF (reactive oxygen species, ROS) » % f & 7
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CENER SELES S AT I 2 R U

E

&

TE5F50 ~ B F BB~ Ak~ 3% 5 (Aruoma, 1998) o § BEp § E
CESEREE SR EREIEE SRR U RN
DNA ~ s flpe ~ 39 B2 seff w2 B0 en % Apfoig iBpL 0 514 BT
BE N AL F ey e ERAR M R PE 4
Pae RS ARAAETERY AT Mo o BRE M E L F
T~ WEH B RHGR A T PR s g o~ 2 P B R
& % % s (Caciuttolo et al., 1993 5 Olanow 1993) » #+ ¢t » g i H| R iL
FOTE QA A L A g R P RGO R ~ A K
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W (2013) $Ha s g m A F T AH LT e EPA~F L
FHAAfer AL o Ry P hEs :Na-Mg-Ca~Al-B~Cu-
Ba~Zn~Sr~V-Mo~Ni~MnirFe £ 14 &% - ¢ CafrMg 13
58 H=5 Al-FedeMno @ Ni Fat 2 gd - aBEgEL a0 o
e LRt e B8 T77% 23 44 mE 29 ¥ i

LLH B 20% BLEAEL L5 57% s EB AP B LI

A u 5T A(14), 1% 8 = % (20.90%) ~ F 7 (18.53%)frF 2 5 (15.07%)

(# » 2013) -

Wt EFAEA A D &G 1 & F (saponins) ~ 24 ok
(alkaloids)(Muraina et al., 2010) - i #g (terpenes) ~ =7 F A% (steroids) ~ & fik #f
(flavonoids)~ 4 £ % #g (coumarins) -~ fi= fix 5 (phenolic acids) ~ ~ f= % (lignans) ~
§ 72 % fr (xanthones) ~ & R #g (anthraquinone)( Tona et al., 2004) » edotides
(Izevbigie, 2003)4r & & ik (sesquiterpenes)(Kupchan et al., 1969) % - p = & 3

=

o KAt E ARED S A gEES s S B LR
& 4~ (steroidal alcohol) ~ 3 #& fit 47 i* & 4~ (flavonoids) ~ 10 & &t & H 47

£ ¥ (steroidal saponins) ~ 12 & %5 "»fe s it £ 4+ fo 6 fE 5 L 4 0

5
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(sesquiterpene lactones ; vernolide, vernodalol, 11,13-dihydrovernodalin,
vernodalin, vernomygdin 4= hydroxyvernolide)- + 3+% 32 &1t & #~(Luo et al.,

2011) -

R TR tE o RAVHAF AN L5 P maObRERE 0 B
Ka T 2 8F 0 AFRY RS - JREFIFEEY  » - B8
MRS TE o RN E R REYRFE S-S A O LR E S B G
BB SRR P0G 4 T 4 R 48 g -4 (Farombi and Owoeye, 2011) - A
R I R o R R ONRE A O OBRE IR PR
W% oE o~ AT o e (Akah & Ekekwe, 1995 ; Bullough & Leary,

1982 ; Hamill et al., 2000 ; Johns et al., 1995 ; Kambizi & Afolayan, 2001 ;

Otshudi et al., 2000 ; Riley, 1963) -

p 1969 £ Bty BB F PRIV ARET2 B R BF
i fig it & 4 Vernodalin 4= Vernomygdin » $148 *t 32 % chfl \EV o ve 5 A F v
#1175 (Kupchanetal., 1969) - % 1993 £ 2§ F ApM A g dp > 2 2LH 5 b
T~ Pl frdip (£ (Jisakaetal., 1993) ~ & 5 R % 1% (Obaseiki-Ebor et

[.,1993) % F #{ PP 4v n T e B 3 fmre 3 [Liv* (Tadesse etal.,1993) -



5 2000 #42 > ST R R AERABBFIcF X A RBGH L > T

B 3 U e B 1 0 a0 4 E drd] o 12 & DNA #7451 4= DNA 2

9
o
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=
3
34
g
=
g
=
ﬁ

e EPRPE g wE s o ARE F P EPS
FE IR A TR MCF-T im e ¢ & 38 DNA ¢ = éhit * (lIzevbigie, 2003
Howard et al., 2003 ); ;ﬁr} ¥ 58 ERKs( extracellular signal-regulated kinases )
e oM A LK‘F'ZLH$E%' wre 3 fr4]¥*  (lzevbigie et al., 2004 ; Opata and
Izevbigie, 2006) - H L A B TR R L FBILIE* > @ B0 FRE T &
( Onyesom and Okoh, 2006 )- 4+ MCF-7 fm*z % #r+| ¥ * ('Yedjoa et al., 2008 ) -

$ V] 4 EE Ul BT-549 sz DNA &g = ( Gresham et al., 2008 ) -

5 2005 & Iwalewa ¥ H ¥ H R AP AT ET BERS LG5S
DPPH p d A3 M RRE F g M- BF h | B I

-k 5 ¥ Fdu acetaminophen 3142 e %3 4 4o 1 ¥ $r41 acetaminophen 31
Azrg BigEF it iv* 2 § R4 (lwalewa et al., 2006) - Adesanoye % Farombi
dEFEFATAN Aty %‘%d % - FiF v fr phase 2 enzymes =1iF
* ] Uk e F YRR 3 4= ch3F4F i (Adesanoye % Farombi, 2010) - Ho
B 2015 & v} d R E B HFH A R & R R 0 EL 4
AF P E(SOD ) s+ B 4 o TR RPN - § 1§ (NO)

frp =g (MDA) thz @ &5 B o i FiEF i“ 36 > &7 iR



Poie 5 HHAZF - ok i pE(SOD) I * @ ' i+ B ih cycasin 3 $orig &
g g ¥ i 7% (Lolodi O and Eriyamremu, 2013 ) o & #o g i 43 &
BABERL I HEmMm>4 0 tlgile E At L85 = s
At = & : luteolin ~ luteolin 7-O-B-glucuronoside 4= luteolin 7-O-B-glucoside -
H @ 2 luteolin 13 E A (lgile et al, 1994 ) - ¥ ¢ > A E T RRE B
AR FH 12/ F AR S ARAE S F B 4F 1“5 44( Erastoetal., 2007 ;
Fasakin et al., 2011; Igile et al., 1994 ) - &4 54 B3 > FIME 977 cf§

fr v T B B Re g M SRR S BB T BREBR ST REY -

ig 5+ 97i¢ = rdp 3 (Youdim et al., 2003 ; Owoeye et al., 2011 ) -

e ﬁ"%%’ﬁi&ﬁ’»#f DR A g ARMA R o R Ay dp
FALF AR A ML BT L g B IEH o Fp E* ¢ > vernolide ~ vernodalol
BREMEPHIF A BTGB T HE AL ERLIFEY ¥
HiOPF N FTF ke #LE FiE%& Y 0 vernolides F * b vernodalol 3
(Akinpelu,1999 ; Erasto et al., 2006) » #o B 2% » » K E e & F Bt 4]
BN PR E S % o ek 2043 4 (Masaba, 2000 ; Abosi and
Raseroka, 2003) - #.*% & #&F7 7 > @ v g & F £ Azadirachta indica — 4=

FORATE i PR gk o B T BRI R0 ik

& 4 (oxidative stress) ~ *%& & # iz ¥ * (insulin mimetic action){fr 8 fm?e £ 4



T % (5 -cell regeneration) 13z o & — ) 4-4F 7 Fema =g ;{ﬁgﬂgf}\@ T > g
%ﬁ d e BEFEFIBE B AT A (gluconeogenesis)frd § bR F 1t B ap 1T i N BERR
fi 1% j5 (pentose phosphate pathway)® 3 *% = #% ¥ * (Atangwho et al., 2012 ;
Atangwho et al., 2014) - "3 n g F 7 > % > T R B R G ' KR PEF AR
ZREH R RE MRS RY TR B R A RY F R AR TEF

% & (Adaramoye et al., 2008 ) -

22 ped RARF AL
221 §d ASA BN

AR F 2 2iEAR e A2 pod A (Freeradicals) > @ o oF AT F
TEREMPpd RAL o AP AEFRED - Bhy 0L L ¢
it f2% (antioxidant enzymes) 1 2 g it = (antioxidants) ¥ #t#vp d A
g hy vig oo a‘sﬂ,é,ﬁi"fmﬂ d AR g4y PB T g R
HEOMEFTE o TP 7 a0 A W B B9 FREE o MR
BPdo (LDL)~ ¥ 3 F 3 @57  Rpl ¢t me %l 324 18R
s 03 2 (Foyer and Fletcher, 2001) - #8 75 e p o AARET 2137 5 B

FM o E R M & LR b B BRGRAT s R A B
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JE S Mg AE > 2 ¢ b ¥ 3 L &R Z (Caciuttolo et al., 1993 ; Olanow, 1993) -

222 pd RFEAFE

pd A(free radical)dg e iz d § 2 S {HL F R F &4 F > §HE>
TR F &L PR REFAF T - Bad Ao~ € s HITn
B+ a3 o iEm il - i g i 48 F & (chain reaction) (Halliwell et al.,
1995) - A #g @ £ Alehp d AfREa & ¢ 455 H 123 (ROS, reactive oxygen
species) % =1+ % (RNS, reactive nitrogen species) » & ¥ 514 % % B4 § & %
R2FVR RS AL FMEFTEZFFRFIPAIA A TFER
FHRIFL S B 1§ (Lander 1997) « ¥ ¢k > 3B 4 gregr p 4 B (thiyl radical) ~
Mpt e A chz & b p d A(CCly) M x kL ¢ ihp d AR(EX &

2002 ; Fang et al., 2002 ; Wickens, 2001) -

1. 42 % & &2+ (superoxide anion radical ; + O,)

B4 RF A - & ROS > Fd 3 o3iEi7- B3 v RBRIT* A
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O,+e-0,

R AT BLEARE Ei Y LR HE A4 RF LRI A
0o IRE_AREPN A2 A S EME FF hefe (Rosen et al., 1995) - F] « O, ¢
LERPHRE APRCERFIFRESG T CHGHF RS TR
FFET 8 AMA 2 (€ 0 £ (Barotosz, 2003) -

2. 15 % 1 z (hydrogen peroxide ; H202)

AREPM B 5 AR ¥ L1 fa(superoxide dismutase ¢ SOD) s %t w2 B &

Y > BRI AR ERS SiEE LT o

SOD

—
202" + 2H: H0,+ O,
WE LD ARGk Ao BEARTENE o e 2 m

[

iy F

—\

LA AR IR s frimve poeng S (FeT,CuN e 3 iFr F
{2 %52 T HaEgp d ZA(Ahsanetal., 2003) -
3. #z p d K (hydroxyl radical ; + OH)

«OHE - faiE s enp d 28 § A W3R Xray ~ T B 8 M
o REp ke g HEA L s EEgpd A(OH); » 7iEiEs i3 2 42
FIEgS anied MR H v ehg F 2 R oa K
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HO ——F—h-+ «OH

H,0,+ 02" +H »H,0+0,+ + OH

H,0,+e-+H® ———+hO+ - OH
cOHE K E ARB Y HETF - S S HP R FEs L 1Fr > iea 53
e o Bl ol A e 2 B s 3 A RE &
4.8 ¥ i § ((singlet oxygen ; '0,)

HEEF 'O 2bpd ANBHEEIF T v - 2F (LR

Jur

ONL LR BE B -BEFIfrd F o B3P ta28upd A
(Halliwell, 1995) -
5.1 % - *5 & (lipid hydroperoxide ; LOOH)

F At oty spL b foig A 4 RS lAe e LB uaR o B e
Wk T H s 3R im2 5 A% 4peig AL ( PUFA, polyunsaturated fatty
acids, LH)=X $/p d Asz e A2 fqpd KAL) T gl og o5 i0F
S FiEE L4 (LOOOrLOz2- )L frLOO - & fEp o HALF it 18§
By F RERCE5pd A2 LOOHA 2 - F it % ’P"”‘,%#»ﬁi'lfé?i
F J(termination) 13 » & p o FARdRE (L4 F IR A R i—,é’—",% (Halliwell,

1994) «
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223 § 4 Femi

~ g L % sk X :k.%"‘r’*:"ail::k‘%"&% LK
#m% | ,f‘ ,.VUAJ ,—a.]ﬁj‘:/‘ /,4, ‘,w_..‘;ﬁ.‘ /—ﬁj T R r):ﬁ = L)‘}P‘ ) _‘,E'T

pd ARy Sad (B2)-

RSP Glucose
o Food
(containing GSH)

NADPH + H* NADP* l
o e Exogenous
GSH-R GSHT s i GSH
GS-SG = 2GSH = /
/f ﬁ\_\ o ' ‘\
IP.NO NO; Endogenous
GSH
— GSNO ™ ADP + Pi
¥ Heme-NO
H,O + LOH vitc- ol GSH Synthetase
H,0 y ATP
Scavengers jeg. vitc,VILE,
ul icylate, mann '{-GII.I-'C]'SH
m.;wru::m- VitE'=—<—— VitE ADP + Pi
m. Arg, Cit, Giy, Taw, His, Carn,
\ Dywihedase
— M Cysteine ATP
Glutamate
2H* + 20; ~%D—- H,0, LOOH NH,*
cytc l 0, cul ros
H
0: H,0+0; Glutaming

Vag

DPESIEULIE S S EF SRR Y Y

(Fang et al., 2002)
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ECE ML ¢ 35 1 42 % 4 it fF(superoxide dismutase ; SOD) ~ i %
it & fa(catalase ; CAT)~ %4 *xiF 35 it f=(glutathione peroxidase ; GSH-Px)

ot AATREMEA RIS H BB PSR RART

1. SOD: i H#AgF 4+ %5 EF *4 - Lwe 7Y > SODF 4 (Zn)
~EREHCu~F oa A BT EM)~E SE R R

2. Catalase: B i & pF 7 Lid i 2 HoOpf 4 # H0% Oy 2 i % L4 1
Z(Fe)~% >3+ %35 3w i 3 (v 4 s £ (peroxisome) p » »
Fo- B AT e B okt - kAR ¢ (Halliwell, 1994 5 Wickens,

2001)

3. GSH-Px (Glutathione peroxidase) : frcatalase— # 7 iﬁi%ﬁi L& e 4
TF b g2 iy PR RRT M A e TR 315‘ ’

- AR 2EY 8 g it ¥ 3 - GSH-Px 3 & 7o (selenium)~ %

7
oy tiEY s mMprm A 7 E A AR E RS it iE 1 o GSH-Px ¢
2B R oAy ehgk vk Px(glutathione ; GSH) % i 5 § 1 i engs sk "xpn it P
(glutathione disulfide ; GSSG)m i "f H,O, o @ 4% 4 *X:R J f= (glutathione
reductase ; GSH-R)F] " NADPH % &k # #GSSG £ 4 s GSH - F|pt » &

ENADPH & ;244 2 & > B § #r4]GSH-Px 2§ it /E kst PR R A F &

14



E R F 2 F]H & £ G6PD(glucose-6-phosphate dehydrogenase) @ - 4

NADPH# = » B {8 'z 3k fw?e W5l 5 1 gk 4 (Hatherill et al., 1991) -

g PPLEE R BT AL SORBEE BB ES iy b o kB
Jﬁﬂkr : FU o & (ascorbic acid) ~ uric acid ~ #5 %4 X (glutathione ; GSH) % ;
% e B-%F B § % (B-carotene) ~ ubiquinol-10 ~ (&4 % E(tocopherol) ~
melanin % (Bast et al., 1991) - 23 it 3 &_F ,;‘—Kf pd hend o Fhpd
ARG G T2 f ki pd o TIASHY Lz 4

Fieis 4

1. #¥k - pé(ascorbic acid) : a4 2C- H iy it 4 ﬁ*aﬂ a4 2CET
FEHREEF O VRET IR BRI R SEE G 2 g B PUR
£ f& (dehydroascorbate ; DHAA) o i fé 75 it M- F 1 & 3 *xmqé”f
it 2 DHAA Z -k Frdlimie fEF a2 A0 Fletad 2CV RE
it frlp S kiRt B LAy i (Freietal, 1989) -

2. 2 ZE S ¥4l i LA nhE iRy V0 2 Ay A e
R G AR AMELE VP o BESFE L4 1R S B
BHC6 % fis £+ (14 /& (phenolic hydrogen)ie (718 & 1% > @ Ak &
TFEp R e A AAFT I Ppd Ao RELZTFSER Y
EPRIEARR X R AR AR R 0 TRt FEV (T L B4 F i

15



F ity geoms 2E7 Frd) P B s 1 A(lipid peroxyl radical) & # &1+ ¥
TR S e Apforg iApaAk 1Y 2 sgtendE i (Fang et al., 2002 ; Kaur
and kapoor, 2001) -

. ®¢ " B § # (carotenoids): £ F = kL F 2 %k iF-2£ (photo-protection) 1= # >
T - ARy M o P ETET /%L"fﬁ TAEF0 A2 E RS

$ 3 eh g B 4 (conjugated dienes) 2 E #5877025 Ji 0 )3 AR R

5

\\\

§C0) > B3 @ EEE ey 4 4 (Diplock 1991) - B+ &
PR CERE kARG Mo kAR M M P
RIERREG o ~Madng PEFZ AR PP AL ¥ 3 RR
TEREFRONMUB-FRY AV UM EH B E M doad FEZ 2l 3

Cenit® (4 % % » 2001) «

16
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23 i § el R 1 pRens R R €7 g

AP A BT Ed T F-n f »]zﬂ”ﬁ—% % %u (renin-angiotensin system,
RAS) % i& {7 > ;‘gg = B ik # 1 fF(Angiotensin | Converting Enzyme -
ACE) > % % 7 &4+ ch& | hv fs(metalloprotease) » ¥ i 75 A& & 48 & 2 %
2 e P o ACE & RAS 3 & engd e B enfid > FUR-1 5 1 A i ehw #
fc 4 % | (Angiotensin-1 » Ang-1) #& it & j& it 4] f s F fc g &
(Angiotensin-Il > Ang-1)R| ™ r2 i s # fedg o w B2 > T RGET AT
PR e FAR > W 4 THRH G T DI B e R F]A LRI F o
@ w ¥ 475k % (bradykinin) 7 ¢ 4L ACE -k fz > *» Kfﬂ #s #8 e Phe-Arg > i ¥
bradykinin 2 4 /542> 2 3 43k F errb it cACE £ 5 & BIEILIEY Fid o
7 #& & ACE #r]idrsst ACE #ri|# E45 22 Z cf 2% B AR {04 s o
L& R v angiotensin | g bradykinin sz - @ 2 772 % jE_ACE &4 % f# 2% o
RlFrdl e 7 DT = B A B e R 1 & 7 21 M R iE* (F
3 Erdmannetal., 2008 ). ¢ &rp % & & 0 ACE Frf| & ¢ S L B4 ¥ (T3
£ RE o PiTE K K S Fe REF 5 ACE #ri]72"5(ACE
inhibitory peptides)sirk ik » iz & 4= K heridrie L3 4% £ v PP E G

T foiek B o B asin (Vercruysse et al., 2005 ) »

17



Angiotensinogen

l Renin

Angiotensin | Bradykinin | vasodilatory
ACE inhibitors
ACE inhibitory peptides l ACE l
Angiotensin |l Inactive
l Fragments
Vasoconstriction
Blood pressure 1

(Erdmann et al.,2008)

B3 T &%-n ¢ ﬁzé{ﬁ—% % % (Renin-Angiotensin System, RAS)
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¥ % a2
31 RA&EHH
311 a s Rk

Vernonia amygdalina (VA) s ~ £z w4 % 2 300g (B~p B4 2 3%

L EER) -
312 kAL RE

1. R S:8H

Potassium hexacyanoferrate (1) ; Ferric chloride, anhydrous ; Ferrous chloride,
tetrahydrate ; Ferro Zine ; Potassium acetate ; Sodium carbonate anhydrous ;
Sodium phosphate monobasic ; Dibasic potassium phosphate ; Trichloroacetic
acid ; 2,2-Diphenyl-1-picrylhydrazyl (DPPH) ; Nicotinamide adenine
dinucleotide(NADH) ; Nitroblue tetrazolium (NBT) ; Phenazine methosulfate
(PMS) ; Methanol ; Gallic acid ; Quercetin ; Alumium nitrate, 9-hydrate ;
Folin-Ciocalteu’s phenol reagent  ;  Trifluoroacetic acid

HIPPURYL-HIS-LEUFREE BASE (HHL) ; Angiotensin Converting Enzyme ;

Amino Acids Mixture Standard Solution, Type H

19



2. ®RE -

(1) # B4 Fats @ pp RT 3]35: RT-08

(2) 158 ks - fp YIHDER )55 BH-230D
(3) =& % 4= pkp Precisa %5 : BJ1000C
(4) #c® & % 4= 1 B p AND 45 :GR-200
(5) 4 5% ¥ : BLp EYELA 452 :FDU-1100
(6) 4 4r k4 © Hp AND 735 CR-200

(7) FRiESFE © pp EYELA

(8) Baros @ pbp HITACHI A]%.:CF 15RTI

(9) B4k +7%k : Bp HITACHI-PUMP 3] 5.:L-2130/AUTOSAMPLE
L-2200/UV Detector L-2400

(10) » &k g pp Thermo 3] 5L:EVOLUTION 201

(11) "= pe A 49 % - B HITACHI %)%::1-8900

20



3.2 REE

SRS R R B AL 3 BAT Y B A 1Lk - 95% e 2

2
g

LT fa 2 A RIAAETIE o BATE T B anE BB T IR
FARE R gl F A R o JRF R IRE% T 4 DPPH i d

Ao ERMHT S BRE 45&$”#+i%“41ﬁﬂ$ o

IR

LB Ao th s bac 4 Ko PIERBIEF £ - P82 3

w

BepiE e Vo AR EZBPpEF @i oz (Bl4)-
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B Bk BEE 3

|

¥ g

|

7K B N9 LB TS FE R
A4
4

ERAS SR e
g - RAALIEE
ETR Y] o S W TR
- 385 BR
R AR

W4 3%

22



33 %
331 At g EF 2 EX33 2

(1) atvorgi E+ 2 Tarkis

BA PR ES R Eie ] Al R RS B R AL 1009 5 A 0 4

* %ok 500mL > e T e s W3R R 100 CF B2/ P i ek im

%o £ E

— = £

w;

= =ikt o MR RE SR 0 SR Rk D a0 1

ERICRRG c AL EXDRRGT LA - 0 PE T I9E

Q) ¥ g ESF 2 T ER 2
P PR E S 2 Sare L Al Al A AR 100g 4 K 4

~ 2500 ML s Eein o FARER 80 CF B 21 P i ok

o EATE D S &8 kiR ORRIRERS - RHRA f e BRI
VA RIEERE T c AP ERDRHR Y EH - X BRI HE o

(3) w s g ES 2 Fehe o iy F ek

o PG B2 Sacs ) Aldke ke a0 AR 100 g ks A 0 4

~o 5500 ML 4T n o BAEER 80 CF 21 P ik ek k

23



R ES R SN RS Y VAT DT R N R
Soo AR AP E ARk £ % B E T

332 g Pl

(1) i%",ért DPPH (2,2-diphenyl-1-picrylhydrazyl ) p & #Lit #

%% Lin (2008)z. 3 j24c i3 > B-5mML * BIER 2 h ¥ g F B
ot 1mL 22 02mMDPPH " fi3 > R &8 % 30 & 45 *° L & 517
nm gl H ex sk -DPPH - 8% hp d A A £517nm & & Rm% 4 >
% DPPH 4§ v Akisend 3% 6P %4 gMaRd - s
NFFOE > KW IARIARS > B ARF MAEREL TR 48 0 L7
e dF 2 iy it 4 o DPPH 2. ¥ f§i% /%>t 517 nm T #sp ek E > & DPPH
pod oAy it ffﬂfﬂ |5 sk (@B E L TRtk AR ML T R S
",érfé‘é 4 A% o H E RAeT

DPPH - + AH —®PPH:H + A-

(violet) (decolorized)

/Fi"f F (%)= [ (A517 nm,blank-A517 nm,sample )/(A517 nm,blank) J x100
A517 nm,sample: & 5>+ 517 nm &% sk i@ ; A517 nm,blank: % ¢ %% 517 nm

rpis S

24



(2) Bamas £ 0
%4 Lin (2008)2. % 24 i3 it > B-5mL F kR 2 & P B
Yot » 2mM FeCly i3 % 0.1 mL 2 5 mM ferrozine % /% 0.2mbL> 5 & 10 »
48 > >tk £ 562 nm | H vk iF o Fe?¥ ferrozine #735  cif & $ £ 562 nm
Fosg e > BB AR > A o7 TABYEF AT S A 4 AR o
i%“,érf % (%)= ( (A562 nm,blank-A562 nm,sample )/(A562 nm,blank) J x100
A562 nm,sample: £ &>t 562 nm ¥ sk 5 ; A562 nm,blank: 7 v %% 562 nm

IR K E o

() BR A4 pl

%+ Oyaizu (1986)3 ;2 4c i & » B~ 10mL 7 BB 2 H P mag i 5

\

Befro4e » 25mL 22 0.2 M pH 6.6 Bificdp & B3 % 2 4v » 25mL 22 1 %*

= % ;% ;% (potassium ferricyanide);z ;% » >+ 50 ‘C-kiz 20 ~ 45i8 .4 4r > £ 4

o

» 25mL 10 %= = & iy pk(trichloroacetic acid)iz i - >% 3000 rpm ™ & 10

A

&

80P~ i SmLE 4~ 5mL Z 4k & 1mL0.1 %4 - 4(ferric chloride -
FeCly « 6H,0)i% % » iR &4 % 10 A 45 0 * £ 700 nm B{H sk & o 5

B TSk ma Fe BR S Fet 2404 #Fe RS Fe i

4

4

=S
=

B R A (reductant) &P - e 235 B Ra AL F by o
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-

TR ET A EET IO AR RERS PRIENE AL E
( Fes[Fe(CN)g]s » Prussian blue) 24 = 8 k2|2 B h 4 chF 14> 1 & o
325 R R - o B (KoFe(CN)e):iR &t = F o B (KsFe(CN)g) 16 > £
Ji* Fe¥ e koA H &2 5 d Hip] 700 nm ok £ T e sk g ki
S I EEE RS EREIEES VRN T ST
KsFe(CN)s+sample —¥,Fe(CN)e+sample-oxide
Fe** + K Fe(CN)s —hey[Fe(CN)els

(4) 423 13+ i%",lf A

%4 Gllcin % £ (2004)> /2 4c 2 iz & > 12 0.1 M phosphate buffer (pH :
7.4)pz % 120 uM phenazine methosulfate (PMS) ~ 936 UM z_ nicotainamide
abenine dinucleotide (NADH) ~ 300 uM z_ Nitrobule tetrazolium (NBT) - 2 1
mL etk 5% ik (I mg/mL) i & & % %84 2 PMS -~ NADH ~NBT 3 % 323 /8
v F 5 A4 SR 560 nm Rl H ex sk iE o ‘}%%i’és‘? PR3 Ay 4 R TR
Wi ohtpEE ki o jEd PMS g NADH fe% 4 iz s o F - %

H-NBT B R G A4 Xk BARKA TR SRAR Y a2 50 4 A&

% o
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3337 F A ~ MpZ MR MRS 2

D =FFzERT

1 yxPadmavat % £ (1997)2 /% > B~k %29 24 > *10mL ¢ 71 %
2 B2 U e (T 34 45 0 1213000 rpm &t 154 480 B H b iR
2 {8 E 4 r10mLz 1 %z WAz ¢ miEIEE B304 48 0 123000 rpm &< 15

Ak & F b ik 4 B2 657530 nm RIH sk 50 H ook e 5 31.6 MM e

umole/g = (A530 —0.33 AB57)/ 31.6x 5 B~ 4 f x H-¥ & #ic/ 1 5- £ £ (0)

(2) Wps 2z iRl T
B 472 02 Bl %% Julkunen # A (1985)7 jx 2 4v iz it o P TS HE
it &z &AL a3 pa(gallicacid)d & #5850 B4k g (3500 xg o
20 min){¢ B~ 0.1 mL 1} 5% > S Z&AF-kD 4 mLo g 4er 1omL o2

Folin-Ciocalteu phenol(1 N) reagent #-3 > & {$ 4 » 2.5 mL 20 % (wW/v)z fis

_l[p\,g\,,’i ’ :‘bz}‘;ﬂg. ¥ 20 A R 11/\7’57’:,};{“"‘ ]?;’]fi A 765 nm T Z_
v sk {E o

(3) #pw pr 7z TR T

FAICKLE ¢ 2R3> o742l 4 Jia% £ (1999) = /22 4eig i >

27



PR 10 B 15 2 F P48 505 ml e » 1.5ml 95 %2 f> £ 4 » 0.1 ml (10 %)
AICI; ~ 0.1 ml (IM) CH;COOK ¢ 28ml 2 g3 -k » 3B T8 % 40 » 45 >
BlH 415 nm ek B o Ji % HERL & (Quercetin) @ T2 R B W AR AR

MRz E 0 T ER % % £ (Quercetin equivalents © QE %, wiw) % 7 k&

3.3.4 & F ik A 1 prielE L Rl &

%% Miguel % 4 (2004) = i 42 i3 & > P~ 30 pL 2 50 mM

\

(HIPPURYL-

HIS-LEUFREE BASE ; HHL)% i 22 10 UL % e *g 5§ S 8| & > 3%
37°C-kix 5 & 454 » 20 uL 2. ACE 7% % (100 milliunits/mL):® & »»+ 37 C
ki 60 448 0 £ 4c» 50 pL 2 2 M HCI % 2 & & » 2 C18-Column(FT=
LUNA 5U C18(2)250 x 4.6mm) % ** HPLC 2= 447 > ;2 » & 20 uL » 7+ 4%
7% 1 7 45 % Methanol ~ 0.1 % TFA (Trifluoracetic acid) » #+% PF R 5 25 min »
i 5 1lmbL/min > UV g 8 228 nm o B 2%+ ACE sdrd|ac # 218 » -k
B P~ Frlae 4 (TR > T pEd SR Tk gt G AR 0 R AT e
ACE #4250 %1% 2 554 k& > T 5 ICs (o F]Pt > BB AR A 7
#1 ACE ers & 4%4F o

28



3.3.5 M pRP 2

1395 Horie = ;% (2000)4c 12 2 & » &3 %58 E @ R4 0.1 g &2 10 mL
2Z6NHCl #3228 @P 2§ B85 § > b seflphs v >0 110 Cpe-kfz
22 ) 0 R &P g9 B 2oRfRSIRAE 0 2 (887 F A4 1160

CRBESHFL £ 1 5mL 2 0.02NHCI w3 > $.15 % 0.45 UM i i "

KR g A F ORAE A TR A LB P B 2 2 K B p Rk o

Il

o

/g\

3.3.6 su3t3

AH>FHREE U TEaErE R B L (MeantSD) £+ » @ * SPSS
12.0 #cdg:e 7 503447 > 2 ANOVA f:V i % B &~ 47 » ¥ 2 12 Duncan's

multiple range test (p<0.05) W T oE 2 E L R o
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41 HHTHTES EFBF

Rt g i+ 2 F k2 R ok FE R e B BT E

Beod 2 LBREA o CUREBBcF Bd 0 Tenfod 27.2 % o E ek

EBofcd 249%; P B et B0 £ 5k 19.7% B4 5 87

%, EF LR EpEFERFTIW TFE L ECHRLREFESF EF 11%-
AR RMT AT ES A EE PR LERRS ST 0 7

A EN S R I SE N S EE TR

4 100¢
Water EtOH e e fig
¥ 3 249+04 19.7+0.1 7.9+0.2
] 27.2+1.6 8.7+0.9 1.1+£0.0
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4.2 iy BRI

(1) DPPH ( 2,2-diphenyl-1-picrylhydrazyl ) p ¢ f,!_\‘;—;““,!rt Ae 4

BB EE X5 2 28 % 0 2 BIER (01
02-05+1 % 2mg/mL) > % DPPH p d Zij*f 4 S0k B A 4e d e o &
EovkEP-F 5k R H 4 ¥ DPPH f & 2575 fué 451 7.05~ 21.16~55.80 -
79.96 1 9.43%; L vk X 4 dp kR T % DPPH 5 éf" 48 5 0.40~2.75 ~
1277 ~24.69 2 46.71 % - ' s g K524 » ¥ 5 l‘f%j W EhE
Bogr oo ¥ b FWE 5 P4 ¥+ DPPH %Kfﬂ‘ s B jm,ﬁixér‘:‘ B AT hE B
Foor 0.1mg/mL ¢ E i E B 5 1211 %0 i K00 I E B4 603520
%o =487 kR (051 2 2mg/mL) h¥ « EiFpk § B4 DPPH i+
RERIEF S BY A NEEFE RS s R o b e b
¢ o WER A #H DPPH jitk S 4 0 0.0 mg/ mL & 5 B4 itk 5 (16.15
%) & Ap %> 05mg/ mLEFBEH (1487 %) * kR hE Bt @
Fifr E e F g DPPH R 5 5 4 5 -

EeEm #ciEt 4 3 % DPPH i%“,lri 4 2 ECso B > m P i
¥4 % DPPH f o Ajrgic s kg2 e e AP igg - £ 7 M ETR
A& (ECs:052mg/mL) &% » H=x 5 & ¢ fec figk (ECs:0.68 mg/mL ) -

E A& (ECs:0.78 mg/mL) ~ £k & (ECs:0.87 mg/mL)~ ¥z fie fi
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R (ECso : 1.68 mg/mL ) - ;ﬁ—“,f P Esseni Tavkk X4 (ECs @ 2.10
mg/mL) > ¥z a2mg/ mLE&FERT » £ L iibir i &

i Bge o BEDPPH § o Jhiftp iF% % 50 60% (15) -
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£ 2 nivsUB 3 b F B4 F % DPPH 4 fhenii 4

Scavenging effects (%)

0.1 mg/mL 0.2 mg/mL 0.5 mg/mL 1 mg/mL 2 mg/mL
¥ -Water 7.0540.45° 21.1610.13°  55.80+3.16°  79.9610.36°  79.43+1.11°
#-Water 0.4040.34° 2.7510.22° 12.7740.07*  24.6910.20*  46.71%0.05°
#-95% EtOH  12.11+0.01¢  23.6740.36%  56.5410.82°  84.3810.08%  85.07+0.27°
%-950% EtOH  35.2010.82"  43.90+0.58"  67.7010.27 88.5910.04°  88.74+0.11°
F-ophe g 1.7140.0° 4.8410.90° 14.8710.15°  30.94+0.54°  58.97+0.62°
¥-o ey 16.151057° 30.94t0.54°  70.3310.18°  85.1610.02¢  85.85+0.02°

Values in the same column with different superscripts are significantly different ( p<0.05).

% 3 aFtsE i * F & B3 % DPPH ‘}ja"“‘,f 4 2_ ECsg

RS ECso (Mg/mL)
# -Water 0.87
= -Water 2.10

#-95% EtOH 0.78

% -95% EtOH 0.52

E-2 phe fy 1.68

E-r ey 0.68
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100
S
[ —{}
80 - —9
S
g
§ 60 -
©
(@]
=
(@]
S 40 -
= E\Water
8 —O— E-Water
n —w— #£95% EtOH
20 4 —&— %-95% EtOH
—— B LB
—B— -2 2B
O T T T T T T T T T T
00 02 04 06 08 10 12 14 16 18 20 22
Concentration (mg/mL)

W5 mprmitgy A e 5 P40 5 DPPH g ier 2 75 &t

EREmI v TR gL TES o r@imf%%ﬁ;ﬁifﬁ
EAFE P L enE o FlUt o B A AN £ BT o RN BRERT
WEE AR c HRIEL A r BEHRBEE TSRS (F)F o L 4~
ferroziness T; g+ § #oRB £ it 4 A TMY pFé > A562nmT § k4w
kE; Birskikda § A & AR o Rlqcferrozine 1T % chPFAE I AR AR
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—?fﬁ:g;‘ﬁ‘f‘) P F R B K R A T RER RS LI TEY e LR
A4 AT EPPHTEBEFIELE SRS (£4) 7 BB
Eop? G AR e RAFIMR T DFENS o o kEFRF 0L
mg/mL) ¥ EE B enied & 5 § 5 0 REBP R R B 4 B 4o I 48
I E LA EFE s (1337%) B EE (249%) A s a4 %
e P S PF Y SR RM S T FEEN S BHH e &
0.1 mg/mLER T Fenpc s in 4 5223% > & 51657 % ; %0.2 mg/mLk &
TEGF LN A 5306% 0 5 52547 % 20.5mg/mLk R T E e L 4
565.84% > % 25093% ; 1mg/mLeE 2 § 58424 £ 5 » £ 27058
27166 % ; a2 mg/mLER ™ H LT L EFhB k2 e e
fa 5Bt and o HE ML 4 S8L04% 0 F AT7.49% » KRR Y P E b
PUEGE LS BN E AL B RmERSY S AE F B4 30.1-0.2mg/mL
PTG e 4 o 05 mg/mLTr A £ i 4 H 4 56.18
% @A FEPF 502 mg/mLo B4sB L4883 A& 4 5239 %o 2
mg/mLR| £ 7166.83 % » BT & ¢ fhc g ¥ B4 AL TahdpT v 4 B E o
b ADH LA St 4 2ZECyZ BI6P at'm gy S BPF R LSBT L

P EEE B EE A S ER o B L e @EERS o A ME R

¥ Bgr ok Boii (ECs 5 0.77 mg/mL) > H = 5 EiFp 524 (ECs i 0.90
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mo/mL )~ ¥ -k ¥

mg/mL ) ~

(ECs % 2.08 mg/mL ) »

FEYERERET 0 Ry E

P4 (ECs % 1.12mg/mL )~ & ¢ fi e fig 5 B~4 (ECs 5 1.33

TokEPP (ECsi 156 mg/mL)- £ 5 Fene et g 3 B-dr

E ez 875 A I M A

e o PRURRM e AR TBHET FEN S o R 2 PR
P B EH TS S B LA e I E B R T g S A
4 o
4 R B S AT e 4
Chelating activity (%)

0.1 mg/mL 0.2 mg/mL 0.5 mg/mL 1 mg/mL 2 mg/mL
# -Water 13.37£1.05°  25.8610.18°  45.18+0.359  57.75+0.26° 67.89+0.27°
2 -Water 2.49+0.622 5.8040.09°" 21.2310.49°  40.48+0.14° 58.85+0.25°"
#-95% EtOH 22.3010.12¢  30.60+0.06¢  65.84+0.79"  70.58+0.91° 81.04+0.96"
%-95% EtOH 16.57+1.83°  2547+0.73° 50.93+1.04°  71.66+0.05° 77.49+0.15¢
#-o fhe i - - 6.1840.59 2 17.16+0.97% 51.15+0.81°
oo e fiy - 2.3940.57 2 24.9910.29¢  52.14+1.05° 66.83+1.55°¢

- :not effects

Values in the same column with different superscripts are significantly different ( p<

0.05).

36



25 Attt gy 2 FEBSELEE S Y 2 ECy

bR Fe?* Chelating activity -ECso (mg/mL)
# -Water 1.12
& -Water 1.56
#-95% EtOH 0.77
%-95% EtOH 0.90
¥ fhe iy 2.08
-t fe iy 1.33
100
80 A X
S = -
:? 60 1 O
g A L]
g
B 40 O EEWater
E —O— ¥-Water
(@) —¥— £95% EtOH
s o —A— #%95% EtOH
204 _/ > —&— B 2B
2 —&— H-Z Wk Z B
o :z-/ , : : .
0.0 0.5 1.0 15 2.0 25
Concentration (mg/mL)

Bl 6wt oy 7 F SB P H G L4 2 F A
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(3) E R4 Bl

BRI E G ELE (prussianblue) 2 &8 24150 § & B
~% R i & & 8 (potassium hexacyanoferrate(ll) ) & - £ &= B 4887 F &
4 = 48§ 48 (ferric ferrocyanide ) » 3 & L & > 3w Sk k g 33 700

nm/ﬁ\—v\ JL‘:AJDIE":AJD ,ﬁr—gfj‘%\}ﬁ};ﬁ"“ ] g%mi ity ‘kidﬂ'gf‘_ﬁ

2
\1.\

Bk
5Pt B R A R Rk
SRl E o R EARR A om B R4 AR oI T MR A 95 01:02:05

12 2mg/mL> plzHERA4 » 4 67

13\\-

HRT O Bz ERHEPSY Y

kBt FERY LERA M HB RS B4 o A REESY UE

"\

sk BB PR E I Y N ERR G RNE A F B R A
PRI AL B RmERSY > UETE Rk EFE o KB T ¢ R
R fer s UEE B L b0 A ERE R Hehe e fa g 5

,\,«—-

RHT O APSEFEE B

‘3\\-

oA ofed gl RAAPLI S o0t

S

Y E R P P R T VR Y
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26 attmEH AR EEPFRERAEE

Absorbance at 700 nm

# -Water

= -Water

#-95% EtOH

% -95% EtOH

E-o e fi

oo e g

0.1 mg/mL 0.2 mg/mL 0.5 mg/mL 1 mg/mL 2 mg/mL
0.33+0.0° 0.63+0.0° 1.3240.02° 1.81£0.0°  2.43+0.0°
0.10+0.0° 0.18+0.0° 0.44+0.0° 0.85+0.0%  1.44+0.0°
0.41+0.02° 0.76+0.03° 1.75+0.00° 2.24+0.02"  2.31+0.01°
0.40+0.0¢ 0.83+0.01° 1.81+0.03" 2.25+0.0"  2.33+0.01°
0.10+0.0° 0.20+0.0° 0.48+0.0° 0.89+0.0°  1.55+0.01°
0.38+0.0° 0.77+0.0° 1.46+0.0° 2.17¢0.0%  2.28+0.0°

Values in the same column with different superscripts are significantly different ( p <0.05).

Absorbance at 700nm

3.0

2.5

2.0

1.5

1.0

0.5

0.0

PEteod

#\Water
F-Water
#£95% EtOH
%-95% EtOH
BB LB
LBk LT

0.0

1.0

1.5

Concentration (mg/mL)
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(4) 42F tedp 5 i

RFHEHREIEA BT AL - fAFMEE (ROS) &7 3 ER S
R ¥ dmre 27 o0df 3k (Barotosz, 2003 ) e ‘}%—“,f EEROT R e
ABPLEER kY o dEd PMS ¥ NADH iv% 2 Sdg§ 1+ > fiE- #H ¥

NBT #h=E2 4 A% ﬂxklai\l”’\z\:rﬁrmﬁ“figsﬁ PR+ 2 50 4 AR

bt

AT aFisgy kR

=

P F R 05mg/mL A &G FrhALE A
frlic 4 3191 % & E-k B4 £ 0.2 mg/mL = § 12.06 %ifrk i 4 o 4
REH N EZPPEHART BT FFS S R EIES - R S

P E A 05mg/mL A4 B4 7 f!?’* J 3"‘/" 4 5 1075% 5 } ZBp TN
?fé)iﬁvi“g'4t‘)§"‘$ﬁé 45 2 01mg/mL 5342 &3 27.85%;7?",%;; SRR ¥ S
" oav 4 J0.2~2 mg/mbL 7 AU A 4e o -;@L%rt et N5 A9% e phe fig?
£ 524 05 mg/mL 4 B 47 -;%%E‘E 45 7.02% FEERR D H 4 H inf
i EE B 02mg/mL B 4T o 5 10.75 %> &k & 5 2 mg/mL
PR 5B 96.49 % o HAAE Bk & 2 mg/mL 353%:T 50 % v ,ufj;
e fae faRP4r 5 25.44% - (K3 8 R YL F PP HALY EHES L
ECso% BI8¥ » 1252 e fig K344 it 4 % 38 (ECso 5 0.94 mg/mL) -

Fepe fa¥eg (EC50 5 3.68mg/mL) « £ E 2 £ ehFBd iy

1,\(

B33 5
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fsb

AR Rt A FI R Bt b R EIER Sl o i

W O EVREARMERTES i%“,lri Wy #

SA scavenging capabilty (%)

0.1 mg/mL 0.2 mg/mL 0.5 mg/mL 1 mg/mL 2 mg/mL
# -Water - - 31.91+0.67°  48.46+1.71° 50.22+1.39°
#-Water - 12.06+0.58"  38.92+0.96"  51.21+0.61° 56.79+1.37°
# -95% EtOH - - 10.75+0.96°  40.79+0.49° 54.71+0.01¢
%-950 EtOH  27.85+0.53%  44.95+0.13°  49.23+0.62"  49.45+0.62¢ 49.23+1.23°
¥-o phe iy - - 7.02¢#1.21%  16.23+0.67* 25.44+0.85°
T-v e fiy . 10.75+0.03%  39.80+0.58°  62.06+0.19" 96.49+0.29
- . noteffects

Values in the same column with different superscripts are significantly different ( p<0.05).

28 AP TR R P EALT B4 54 4 2 ECy

2 S SA scavenging capability-ECso (mg/mL)
# -Water 1.63
= -Water 1.42
¥ -959% EtOH 1.69
%-95% EtOH 1.49
E-c phe fig 3.68
Z-v e fig 0.94
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120

—0— BEWater
1004 —©— #-\Water
—w— #£95% EtOH
—A— ¥-95% EtOH
—a— L% LT
—B— FL 2

80 A

SA scavenging capabilty (%)

0.0 0.5 1.0 15 2.0 2.5

Concentration (mg/mL)

DCEERA-AcE IR sl L RN LS S o T

AT N ARt hEF B RS AR BR L
Aok s #ok 2 B AR B30 35% DPPH + *;-;!-",f M F dmve ek (7% (lwalewa
etal, 2005); FerR X B4 & 5 "% u fpfedid i (Nwanjo, 2005) > ®
K F B~ 7 ¥ acetaminophen #1733 (7 A (4 4r g i & 4 (lwalokun et al.,
2006); % Erasto &+ (2007) # % > at'sidGi ER* AL I E T i
Folowt o g BEPF s DPPH pd fhotd bosh o B AP
FPg o Gk F B4 DPPH % 4 sc % desi » P T BESSF LA 0 A
prdevt 7 itz 0 ¥ (BHT){ 8 - Atangwho % % (2015) f/* DPPH 4r
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ABTS f o fhifh it 2 GABE & 4 Rl EX P4 A 47 )
i EM

%\ ﬁ}]l’ﬁ 3L T
KB F>0 RR3E B> § F EB>Ic T b it B g ©

T
b5 AR
[ erd®d o Ak 5B~ 4+ ABTS > DPPH » FRAP #u f* #@% E F 514
I P frgiRg (FF (Adedapo et al., 2014) o @ Ak U EZE A BItA
BT RRAREPSHIE P BT AT R FIE 2 £ 9% DPPH
d AL HTBeS G S
B

Jﬁ%ﬂ»k* f}-‘ﬁéﬂ:_fﬂ/ K/T‘ b%
B R FEAF T RS SEA U AT RESE T VAT

i’
F

FBAA TR B2 g oondng PR A3 L R By a4 3 AR o

43 134~ AEZMF BRI
1) 1=

B P T

IR e S R R gy

-

I N 33

ek

» &@
% 1.51 umole/g &_%

*mw

IR R
(0.67 umole/g) = & % o AFPFZE B4 ¢ 11 5

N

Iz > Eed 14 0.28 pmole/g > e 2

£
TLT

A f&a ﬁg]j,_"pxinﬂ 20|
7% {}Eﬁ'ﬁ_@«Jf }ﬁﬁ»‘ +¢a_3—_m4 ;J— E4 —%

Btk B find % o A A
PR PR ARERSY a3 e R
fia 5 P4 FoRRE T R R
D-"’;.i

G

= m}%@ %

PR LDL eh§ it feiEthE pd if o
43
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o B B ﬁ%;ﬁ:@zﬁi v B3 P L~ FuR e * (Tsudaetal., 1996 ;
#7248 - 2001 5 Yousufetal., 2015) » ik fFmEF L &P » o £ 7 % Mo
= F AR = 5 (Wallace, 2011) - &% 7 *F Fen¥ 2 f e BE PPk
Lo FAAF BRI g M REAP T ETAL G
M Fop fodE fom 3 (Huang etal., 2015) o ¥ ¢ » o % $a § fcip
%27 drdliEea £ 5 "R IT* (Ojedaetal ,2010) &% A 25 % A fvad
R EAANFRF R BABRE R FARKL 0 A AT TRIEER E
FrREB P R BT A FIEART - HEBRBE 8 FARE

FE

&@& &é &Q%

& & ®
CAREE AR

)
O
an
5
5y
N
%“-‘
4
7
*
&
ki
=
i
o
I
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(2) /pz BRI T
SEAT R R AT R e BB - B S L A
LDL % it ch#t 5c o Folin-Ciocalteu 't ¢ ;2 & & 3 s & * g RlIed * 4 f-

R TR R &3 pi(gallicacid) T B ipHE E 2 EA T o

" E B4 687.31 pgimg 5 B A% h L5 E B4 221.26 pgimg h= 8 5
VFAFMERS? > £2 5 E & 5 11115 2 106.93 pg/mg ; ¢ fee

Ao Bg? Eehdfs 5 E5 M0 $ 49.62ug/mg > @ ¥ 5B 0] 5 4 122.49

/Mg SR E B S BT Rk EPPd T2 R E Sk E X SRR
e fa kPPt o R HO ¥4 2015 £ o dp i A Sk ERS T E
PR BFRF M R o T Ee MERF Rt (U
4 & = & % 1,5-dicaffeoyl-quinic acid, dicaffeoyl-quinic acid, chlorogenic acid
and luteolin-7-O-glucoside ) #f streptozotocin #73% %mﬁ:f}l)’% = By FUbE AR

T 1 i®* (Ongetal.,2011) - d }itfm g 2 2R %7 g % > Aok 2

B d 5 R R K RF e
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800
600 -
o)
S
(@]
=
ol 400 -
<
:}CR*L
200 -
O T V IA
&QJ’Q &@‘Q )&% )&‘z\ 4&\ &
& & N R o Y
7 s /03‘3 S v% v‘{ﬁ
T % % % 57
4 R %

MR A My e ¢ oenx AR % As 3F (Ratty and Das, 1988) - #f % fik
w1y ;ﬁtx,ért A AT £ ~ § 3 A (nitrcoxide; NO«)f- DPPH % g d 2 »

% A& & s ahiv 4 (Kéhkonenetal., 1999) o & #8475 F fr * M HEL %
(Quercetin)#= 3 # % (Hertog et al, 1993) » A 77 5 1 * fizd % & &8 & % ip| &

WA R LRI R AR 1L R AT 0 kKR R

=t
F_&
it
1

Pgeiv BRI RER R 7 £ 13.28ug/mg 5 @ A EIFRE E B2

w\ft
Ik

“/

IR

<
A
>

#F. Fib

m-

J‘

EEB4 0 £ 5 2525 % 2208 ug/mg; ¢ e faE B¢ 405 K0 E R

= =
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(29.26 pg/mg) & % >+ 5 B~ (17.51ug/mg) > *F 3 = &3 A 5 B~4 >

-~

R AR E B BRI DI

g
=
[
\‘U\
TNy
=\
3
b0
5
woht
TH
?
Dy
>
pud

PUFR A L R I ER S 2 R R B VIR c FHERTRAY &
lgile 2 Ho ¥ 8 ¥ 2 27 ¢ ¢@EF P oG EL L7 FFBHT
FENAMEEEF B ARSRE it > TR N AR GE G FE L EE

(lgile et al., 1994 ; Ho et al., 2015) -

35

30 T -

20 A

15 -

10 -

1l afts g 2 ¥ 2 im g £
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20 HETEEE A F B a4 PR L A2 A

i -Water % -Water #-95% EtOH  %-95% EtOH  f-z phc g E-2 it fig
DPPH scavenging effect ECso(mg/mL) 0.87 2.1 0.78 0.52 1.68 0.68
Fe?* chelating activity ECso(mg/mL) 1.12 1.56 0.77 0.9 2.08 1.33
SA scavenging capability ECso(mg/mL) 1.63 1.42 1.69 1.49 3.68 0.94
Reducing power 0.5 mg/mL(0.D.) 1.32 0.44 1.75 1.81 0.48 1.46

= % (umole/g) 151+0.21 0.67 £ 0.01 0 0.28 + 0.02 0 0
= (Lg/mg) 687.31+0.02 221.26+3.17 111.15+0.98 106.93+4.99 49.62+0.74 12249+ 4.23
% w pk (Lg/mQ) 13.28 + 0.31 0 25.25 £ 0.68 22.08 £ 0.22 1751+0.71  29.26 £ 0.42

48
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44 5§ fCHR T EERlE R

d #r4|ACE it # F b R¥ RE S g F 5542 I1Cy & >
ICso & % #r#] ACES0 %=1 7% ek & o |t > Bl A% M it & drd) sz
SAxHE o 4 10 BREA 0 B PP T F R ¢ 0
B ledEE i pF(ACE 2 ICs 15 £ 5 50.54 mg/mL ; ¢ Fee fip

FEBP 5 37.74mg/mL > & 5 B% 5 3792 mg/mL - » ¥ ACEi
BB LkER > £2 T oW 5 019 2 0.82 mg/mL o - 4k

M REAIRA LS A AR TR 5 ACE FrfldchE i BRETT P

S84 F-v 2 -KfREMPR s 4ot < B Fv (Wu et al., 2002) ~ F-6 F-v
(Yuetal,2012) % 3 frd-v % (28-2013)> # 1 & 5 35 444 H
T OREFLRITR o L Arp i Ae R RAEDGvERE 5 2 ACEI
B e Rehiged B i3 is 1Cs A 1 5 0.05 mg/mL o 3R Esse
o IC =5 026 mg/mL; X Rp¥ H'Ea BRe AT P »
FookE gl 4 1Cs 5 1.46mg/mL (2 > 2008) 0 2 AR KX Bt

¥l g v]z‘{ﬁ-% g5 4 0 B 1G5 % 0.01~0.04 mg/mL (> 2010) -
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{fe® % & (Ajibolaet al,, 2011) - #2@ » A AFE T ¢ o e EmETE
2 E R $ F fcki R R (ACED) ICs 1A B 5 019 2
0.82 mg/mL » B 7 -k § 5 fr crid 4 A 7 i R4 & B s F fciE R i
iCEE LA 4 o DA VT F AL F TR S Pl B
"$ B % (Ojeda et al.,2010) » @ *#h~> GE 2 T vk F 547 p1F 3
BEACFTF T TR H AP RERF AT HERRITY

EARE A
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%10 Ry B B2 .u.?’j{r%ﬁx“ﬁzi»r’ﬁ: | iE %

2 ACEi-ICs (mg/mL)
¥ -Water 0.19
% -Water 0.82
#-95% EtOH 19.39
% -95% EtOH 50.54
E-v e fiy 37.94
oo e iy 37.92

45 "RA A T

A BmE bt ade 1Y 5 OBI AEZD FRELE N
& E %;}L;z:*ﬁiw}ﬁ;;i;\m%mgﬁ;, & FF o levRpk s Boo vRpEL
v B:‘;ﬁﬁ ~ g Hf‘;ﬁﬁ N ﬁ’f‘i?ﬁfé% N ig]:s Ei'gﬁ/; \ ;;_—: Eigﬁé“; N %ﬁtas‘;ﬁ;; ﬁja@ﬁ; o
417 R A hn g i BB R ok 7 BRI K LT

15 fEvefhpe » 0 1 REE S FEL FORARL o drd 117 T > T H A
e e

‘¥

’ 2

EREREppns el fs BRE 5 APy @

L fnins EhC oAt g AR (B 9 R ¢ REE B L)
BEFTROREALFARERP XY NEZEES

BESREPF FE 5 F 2 14515 umollg ~ ¥ cuipp 554 7133
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\t“h

umol/g ; v "ty B A KEBF 2 A3 EZ 8RB 525 £ H A
ek 5B ¢ 7 &3 19108 umol/lg; Ei=f p k5B 3 & 5 ¥

P BEZREVE S NEHkEEP ZF 8976 umol/g B F o o 11 H

=}

BRHA APEAGTE S Fek A 01 R kp 0BG RE ¢

RpL > i B ERARY FEZEE R 0 ARk ZEF T E A

B AZ A Y E R B 2 AN AT e
THRN A RAR ST UM FE L S 7 Rk e

FIREL 0 R E T RAER L 2 A (MEZ 0 2P > 2012) - A8

TRERT OEYMIOFIRKRIAE? D R NE kIS
#E B F 7 157853 umol/ml » A 5 chiFpf 5 B4 2 L evk 554 2
¥ & 5 6689.0 umol/ml % 23348 umol/ml> @ #Ae fee fig? 7 &
BUEZ T & w5 11.3 v 27.4 pmol/ml - 43 fEdsag

PP (WIRAL ~ 0 Pk~ B9 dRpL )& 2 AR £ 7 AP M 12 (Adeva
et al., 2012) - "o AERE 7 F § 0 A NEKZ B G 2467.2
umol/ml » # =z 1z EpE P-4 1507.8 umol/ml o @ v & § roe— 7 U

B MBI B RAR G AhIE 2T B BRIRGEE L B tgrRl

F_&
E:0y

7

Foo A F AR 05 § & A e Bosiend S 4 e mTOR-S6K1 iz %
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4T Bse el i 2k fs (Newsholme et al., 2005) - 4 % f&(Glycine)# 3
¥ H A AT 4 (gluconeogenesis) - # £2 %, & % e $(insulin
resistance) 2 ¥ it & 4 (oxidative stress)3 B (Wittenbecher et al., 2015) -
AT RE HRBAEZ Eo kAR T E L 5 1693.1 ~ 1056.9
mol/g - B & 3 E Pty HA 5 - ¥y AL IRE P dpd o Rt
TR EOREF B - 7 AT B # (metformin) & ¥ 5 ¥ U TE M
#&(Michael et al.,2011) o 3% & 11+ 2% 2 pMAA TR T > A tvE 5

HP A5 e g A ? h 8 R 8P P 8 i s A

o e R R B3RS - KT A KRS

53



211 AP gy 2 X2 3 FIiRAMK S £ H i
umol/g
Amino acid  -Water #-Water #£-95% EtOH %-95% EtOH #¥-z gz iy &-o Bz fig
xR AR
R 2653+179.4 5019.3+808.3 301.3+104.2 1733.5%+312.1 15.85+1.3 27.9%£1.8
& (Asp)
s g
(Thn) 5504.7+446.1 7268.6£996.3 354.7+171.8 2500.1+1290.8 32.35+28.2 50.5+32.1
SR
(Ser) 3075.3+107.1  231.2+4.3 229.5+49.4 259.8+31.1 53.1+5.8 101.6+0.0
o g
(Gly) 1693.1+23.3 1056.9+58.2  287.0+148.2 383.4+110.2 197.9+16.1 115.8+3.4
y
[y v
(Ala) 3400+267.5 1648.1+23.1 1115.1+193.3  1580.4+19.4 54.7+1.2 57.2+1.9
HRp
(val) 2467.2+175.0 634.9+21.0 1507.8+62.4 705.5+13.8 106.9+11.3 45.0+£0.9
9 myﬁ;pﬁ
494.8+86.4 257.7£13.4 72.5£6.2 281.3+11.8 0 6.8+6.5
(Met)
B v v
(I1e) 1451.5+128.2 347.5+12.5 713.3£5.7 376.2+3.5 68.5+6.2 33.7£2.8
G SR
(Leu) 1910.8£153.7 435.3+16.1 540.9+66.3 307.0+8.3 73.5+5.6 55.4%6.5
u
S
(Tyr) 710.7£9.8 161.8+5.1 151.9+9.4 111.8+3.7 19.9+0.0 60.9+1.1
y
¥ e
(Phe) 1443.8+32.1 262.2+7.7 782.6+£67.0 197.5+0.1 136.7+2.5 46.4+1.1
s
(Lys) 17705.8+709.1 6041.7+216.5 820.4+125.1 1160.0+24.0 249.2+15.4  193.6+48.6
y
kKLY
(His) 502.7£29.7 897.6+£25.5 118.5+4.6 444.2+13.3 21.35+0.7 22.95+2.7
[
¥ vt
(Arg) 2334.8+46.8 15785.3+481.0 347.5+27.5 6689.0+£143.9 11.3+1.4 27.4+4.7
g
W Rfs
4108.2+280.2 1893.3+663.9 1747.1+260.9  3566.2+53.7 51.6+8.4 52.2+8.9

(Pro)
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¢ 2 é}?&

3453 (2008) Mg tav 2 En BA TG o FTRAE o B
kB iR PR AT o

d@E (2001) - MR EHI oS H1IFE 0 330 15

T# (2010) c FRpEF APt gH CE S L THEYL c s B IR T S
%‘? °

Eivrds (2013) £ F i F jeiEd o padrdlE i Rkl g
BEL VNP F o RS R

UEZR v i3 B (2012) o mfh ik S S 2 BB Afops © ¥ E R A e
x> 28 773-776 -

iz (2010)° 2 ABCREFHF i 4 dedle F R E e
2R BN B AT S RFRARRARE LML
FL o

5 (2013)c s AFF IS 2 FRENETLE SR F

Py
A

g 47 > 29 397-400 -
FH L (2002)0p 4 AW & HTRA BT TR FF 0 490 123-129

#xfg (2001)c T FM A o a1 ¥ 335 610
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