T#44E3E(Korean J. Medicinal Crop Sci.) 17(4) : 286 — 292 (2009)

Ci9IX|7| M8 =

eits}

rE
ol

g B o

A FAY S8BT

Changes in Antioxidant Activity during Growth of Artemisia iwayomogi

Tay Eak Hwang'

Department of Plant Science, Jeonnam National University, Gwangju 500-757, Korea.

ABSTRACT : The aim of this study was to investigate the effect of plant growth at several different growing periods on anti-
oxidant activities and zeatin and ABA contents of Artemisia iwayomogi. Measurements of antioxidant activities, lipid peroxi-
dation inhibition, and superoxide radical scavenging activity were done using PMS, NBT and lipid auto-oxidation analysis,
respectively. The results show that activities of antioxidants from Artemisia iwayomogi had much higher than BHT. DPPH
free radical scavenging effect of Artemisia leaf extract was increased from 71.06 + 4.36% in April to 90.06 + 4.41% in Octo-
ber. Activities of superoxide radical scavenging and lipid peroxidation inhibition were 33.83 + 3.45% and 45.60 + 3.10 in
April and then increased to 84.40 = 4.00% and 75.86 £ 3.50% in October, respectively. An ELISA technique has been devel-
oped for the determination of zeatin and ABA in Artemisia leaves. By this method, the content changes of zeatin and ABA
from Artemisia during the growth were investigated. The zeatin content in leaf was measured to be 186.86 + 1.40 pmol/g dry
weight in April, however, decreased to 117.93 + 5.83 pmol in October. The ABA content in leaf increased from 19.00 + 1.26
nmol in April to 68.20 +2.52 nmol in October. Relationship between antioxidant activities and plant hormone contents was
indicated that antioxidant activity may depend on decreasing zeatin content or increasing ABA content.
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GIA7] (ArtemisiaiwayomogiKitamuray= Y™ FE&, of
Z]reigeltale EElH =3l &ele thdAe] S24=
olty. HeAI7I= FEuelE WIREst] die] Helk, Aot
o] Atgdat Ao}, F=o] FEAII T 5 FEOH
of Aol FRLIsHA xS E719 A= A (G
Bkl A SLB AR R o R o] §Ho] gkom
FE CHREERIETT Ol 715 E o] St BAldllE HERTR
E71Ee] JEt exdele HAAVIZ Sk TF A=
oA FRIZLE dxle® ksl Sle 2 fEuEio]
3L YR, T, titelM e AFESS X0 slo] okgaal
gom e HA7IE &0 dFoR FHRSPAL ATk (Park
et al, 2005). Z2hA B9A7] A7E Syt F2 o]
FolA|aL ok H9IA7 = HEE, IEHER, AR 5 AR
o AgH glow] a7k F1e AR olEsl WAle
A AGEA Gl Azt = Q= AdAolt) 21 7]

of tigh thekst A7t BaEe] e, AEo=2E= A4,
k= oxycarbonic acid, esculetin 7-methylether, B A<
scopolin 5°] ¥# A Ut} T3 AT A EFA=ZA
esculetin 6-methylether (scopolutin) 5°] €#A ATt (Kim
et al., 1977; Yu et al., 2003). A7 484 FZ2EFo]
Hed FAM R} THE APES oA|(Hwang ef al., 2005)3}
nom, o] 3y Edo] gEdAe] a3t (Kim er dal.,
1992; Bae et al, 1992) 93 L2719} AFS JAS=
71%5S Felslitl= X3 (Shin ef al, 2006; Yamamoto ef
al, 1996)9} 4938letrg Frm 7F S48 HEs WA
Zo LS FANE &3 5ol B Ut} (Choi et
al., 2005; Lee et al, 2004). o]&3t a0 #3k 7[He
o8 77 oy 2 e E Rksles 5 2
7} ok B9A)7] EEEFEES

o ofr

BIAEFEEL AF7] 27% (Song et
al., 2001)°] dom 53] k&A= 138F9] WAHYILS F&
Eof th3t peroxynitrite 2% ZARE AF} t1$A 717} 7t

= 335 Yepithe B3 5 (Kim ef al, 2004; Ryu
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et al., 2003; Kim et al, 1977)°] Jch. webd G9=17] A
&5 olgd 7TAEE F RskE dFe) M =S W
sz Zlo] AgHo 77t Y& Aol FeFES F
AR o] oIy 83| wite] &l FH

e u] =3FEl= Zo] fgldlc) dukAel AEo A A%
o] ¢k FHo] FU HUL W £} 22} T

914719} o] AxE 73 ¥ A5, AR I} ol A
R 98 9 ARSI ol A9 9 0
2 AR Wah AsH ek Sl gtk 5 4%

el FrEAdE el WAE Rl & ¢ e el 2
fsith, AEe] A ey 20E 7P & Yellle Aol
Aa Yz aEelgh it AE S22 S 2

Qo) we} =R A 2ol wEha Fhge] wiskitk=
AL TR Abdolnt, A BRIA]7] ASIEolA A2
Z T 2EQ] zeatind} AJFIA| T2 EQ] abscisic acid (ABA)
SRS 23] o] T T =E Fleke] WEd| wEla] Ak

5} 240 WP =E ARSI O AdE Bl slalat gt

lo

[s]1=}]
og

Ms

p =)

1. ASAE

g7 = slear Bl A Al Y AL
Hol At AT 74 FgelA Attt TRy
e AEAF Ad 7Rl 7] WrR1S slo] Hujgh A3
S 28] A& el o]2] Amj (&7 60cm X 45 cm)st
Ak AlEe AFH FA YeAZen s41x & 2usst
o

Aol ARg-skl.

= 2

= e

=

2. F&

T9)1%)7] B2 100 gof] 2000 A HWLTL-S 7heke] 85T
oMM 4X7F F5L 33] WHESkL o]F el 3
gk TR 100me LF-2o] =] 10,000 pm O 205-7F YA
FANA 7S AA L BHAE AAor ARSI
EI AE LE =4 4 HHL 2 20

< 20005 7hete] 48A%F FE w=Skit

AF

J&,

o

SBE]

o

3. 1,1-diphenyI-Z-picrthydrazyI A 2 Hs

A 59 J== Robak ef al., (1988)2] S
WAt 27 3]'551‘3}. 1,1-diphenyl-2-picrylhydrazyl (DPPH)
3mgS AALIE 20mlo] &8)A171 ¥, DPPH §9& &
oM, 50% ethanots ThEFCE 3lo] DPPH &9 F4%
1.00=2 24 33t} DPPH &9 2.5ml 2} 80% methanol
238 1% A 858N 025ml S E3sle] 187F ¥
517 mox SF T2 =Asle] Jakst S48 BAs199T)

Grksl AL vast 3ol AkEskeit

ok7k

gl
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Inhibition (%) = [(Acontrol = Asample)/ Acontrot] X 100
4. Superoxide X577 &Hs

YA 7] A159] superoxide AHF710] wtist AT
Nishimiki er al., (1972)2] WHol ola) o3} o] A3
o FEEE HESEETE 100141 100 pg/mlo] H|=E =
A & zbzb 05ml A FHs) 0.1 M Tris-HCl €589 (pH
8.5) 0.1ml, 100 uM phenazine methosulphate (PMS) 0.2 mé
9} &7 560 molM FFEE A sk, AlE3t 500 uM
nitroblue tetrazolium (NBT) 02m¢ % 500 uM nicotinamide
adenine dinucleotide(NADH) 0.4 m¢ S 713k & 560 nm of| 4]
Heke FE=E 34 Axtsidith 3 dx72A A8
Al i E A3l 5US Yo = A3l Superoxide &
As (%ye ot 2ol A=kt

Inhibition (%) = [(Acontrol = Asample)/ Acontrol] X 100

=2

5. AR ols

A A3kt A2l =4S Ohkawa er al., (1979)2] W3
o webx Fsisith HeEHe AF e HAse &
E (10%) 0.5ml o)l A|F 05m S 7181 o37]9]l FeSO, (0.7 mM)
0.5mb & 7hste] ZellA] 3047 WESAIFATE o] Whg-Hol
1.5mb 20% acetic acid (pH 3.5)¢} 1.5m¢ 0.8% thiobarbituric
acid (in 1.1% SDS)E 75l AlA| EE01F3L 100TelA 1
A7 FAAZ Ty e Al7122 Smé s-butanold) pyridine
SFA (15:1, vy 7FFd 3000 rpmollA] 10327F LS
NS 532 mmollX FEEE SIS kst e A
B FEE9] Azlel BHT A& FAl2leh vlaste] 4611
o} oAl TS ot o) *&go}‘zi\:‘r.

Inhibition (%) = [(Aconirol = Asample) Aconiror] X 100

6. TRATIZSH (monoclonal antibodies, mAb)

Zeatmﬂr ABA $ge] B4 HeEgo osir] G
2] 3T} zeatin?} ABA= hapten®]”] WliZol| bovine serum
albumin (BSA)°l ZA3AA At ZASIAA o= A8t
Ao zeatin> AF717F §171 wiZoll zeatin ribosideE ©]-8-
3}3th (Badenoch-Joes 1984; Weiler 1980). ©juj] whz-g-
AEAZ WHI FUSHA alkaline phosphatase (APYS A%+

NZth. haptendt &2 A= FA2A9] 1/10 F0 = 3
Sk 39S AF (Balb/e)ll 200 £ E Freund's complete
adjuvant®} Sl HESFAL 50 04 330l AX FIHEES A

Alste] WS AZh HE AF 9] v]go2HE BAxS}
ARdol vjeFe 2 AR (SP2/0-Agl4)E polyethyleneglycol

S o83l §YAIA hybridomaE THEIL 5o A& EH]
k= MEFE A3t (Kohler and Milstein, 1975). ©]
MEFE AE o7l wfeha] g ujeFsiHA] wix]|
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Fol Bul® FAE £, 537U hybridoma A E
5X 10" 7] B=E 3UH) pristanee] FARE AF ] E73
Fhst] B S FEATIL FAF 1EF BE A3 sl
o] AE AU}, capture antibodyZ ARE-317] 913+ tF
A EFA= 919 mAbE WYl FAF HE 5 ANIste] 3}
dHe A o|2HE & FAE protein-A HHE ©]8-3F
o Ze] AAske] ARGttt

7. RLUAFHEY (ELISA)

96 well plateol] 200 /£ capture antibody (1 g/ml sodium
bicarbonate buffer pH 9.6 Y& 7}t 14A17F AAIZTE o
719l zeatinmAb %= ABA-mAb (2 ug/md tris buffered saline
pH 7.4)5 3AIZF F AW AZth mAbS 443 &9
AAE FHoll 0.1% BSAZ 7hate] 3087 4TCo] Wh=|38}e]
plate®] 8 FEES Wty BSAE &3] AAS Fof
50mM Tris S5 (pH 7.4) 50 1L 9} AlE 10045 718FS
IA)ZF HFE-F zeatin-AP T= ABA-APE 7}&o] ohA] 1A|7F
AT 283 0.05% Tween-20 $H+ 50 mM Tris <
FHo= 33] AFE ¥ APS| 7|& p-nitrophenyl phosphate
50 0 (1 mgml), & 7¥8ke] 37CoA 3087+ WA U
5N KOH 50 L& 7}k &4 4 F$4A|7]|2L ELISA
readerZ FFEE A 3FAUTE (Engvall and Perlmann,
1971). 4GS0 AMgEE A7 AAge g4I&5FE
55 Thin layer chromatography (TLC)Z 7 3 thS &
& A sl &R AFE] ARSI Zeating: i
2317 91814 n-butanol : Acetic Acid : water (12:3:5, Vv,
2 ABA ZA3}7] 93] chloroform : toluene : Acetic Acid
(50:100:5, vv) €12 3} Kieselgel (Merck, 0.5mm, 60
PF254)y2HS ARE-Sle] ANMAIZ] 5 238 mddILE 5
&L A%F L] oA UTL| 0] 50 mM Tris Y
07 FLE st WS ARSI

o

8. &3S Xl

23 TR0l ghAQe] WixMo s AT Heg 3wt
22X A8E ARl BAAY Sk HlolE #4418 SAS
(package version 9.1)22Z2 7135 o] &3} ANOVAX|Z|3IHR AL
e 7+e] ¥]3E= Duncan®] RSO R BA819

Zip & &

p =)

A7 A@dEANA 495E 1087H4 91E 159 A
EE AFsle B4 ol&sldith. YA e A ElA
opE-S 59T AHE AlFsle] 797HA] AFHE S AT
A Qo= 7oA gEAtold &l ARG = 10
97 S s B3] oA 9] yYA/]E 3Ex Al

o] o 59 FTIeNE Auki-9lo] 439 3] ¥4
< BFE T glom 68 Fwdl kst 7dxel s F
/3710l olE2tt. wEbA T 71e] AsF Psteel M &=
S A7 oz WX E Polrr] flsle] 49%E WY 15
ol ANEE AF [l kst S A5

Table 13} 7o) G9IA7] FFE2] DPPHAHYY] 2A%S
A AT @A 3akskAIRl butylated hydroxy toluene
(BHT)Z vla. #4519tk 92 DPPHE € #5715 7t
A5 517 nm 3¢S Fehe Aotk v ilskE
o eJalir] a7t HolsH AF717F LA o g Wa)
A FBE7t 7HAsEA "tk DPPHE 100%E S o
BHTE 65.76 £2.33%%5 ZAAIZIAL o]o WA B 9IA]= 4
ol AFF A B 71.06 +4.36%24] BHTHET 97 =Qko.
L 9gelli= 94.46 £2.68%7HA] =T E ek 1080=
R 74A0] kS VR 102 F<eolle "R I7E Y
o BE HFE AlZlelth A= s3] #EE
© 59 o|Fo) itst o] =4 vehhe AS & T A
ATk

Superoxide A+7] 22752 PMS-NADHE ©|&3}%] NBT
1ol olaf|A] EAd4kA Z77] (superoxide radical)7} A4 =
3 ool mw} formazan®] FAEE AL 560 nm A SA S}
Aot & dIA7] FEE 9J8ir FE=TF Aadske AL
AN AF7] e A dAlshs ZleE B 5 7] |
ol o)ZE lsksolet & 4 Ut AFAt A4 2
71 BHTZ} 27.70 £2.02%Z A4 A= ¢99x7] o
FZEL 490 33.83+345%% YERFEI 10901 8440+
4.00%= vi-§- =A VERSIT

AdFkst A ofgh ksl AF 7HOEFE FL A
A5 Fe''9} ascorbateel] 2J3A] A4 F4itekE malondialdehyde
E AFgshe oz B3 Hlu XFoE ARSSH

¢

Table 1. Radical scavenging effects and lipid peroxidation
inhibition of Artemisia iwayomogi extracts.

Antioxidation Superoxide

DPPH radical radical Lipid .
scavenging scavenging 'per_o>'<|_dat|on
Date activity (%) activity (%) inhibition (%)
BHT 65.76+2.339  27.70+2.029 57.60+2.00*9
Apr. 15 71.06+4.36  33.83%3.45% 45.60+3.10°
May 15 72.93+4.56° 43.23+2.70° 46.60%3.73°
Jun. 15 84.00+3.17"  44.50%+3.45° 54.10%3.24¢
Jul. 15 85.93+3.29" 66.60+4.20" 61.80+3.26°
Aug. 15 86.56+3.06" 79.86+5.86° 68.76+3.32"
Sep. 15 94.46+2.68" 85.73+3.32% 70.50+3.73%
Oct. 15 90.06+4.41" 84.40+4.00° 75.86%3.50°

*Each value is SD (n = 3). Within the column, means sharing the
same letter are not significantly different by Duncan's multiple range
test at p < 0.05.
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BHTE 57.60 +£2.00%%5 UERATh 404 5971 HH e
AlE= BHTEU 3lskso] WA velgth 22y 699l=
Hlszgialon o oj9ols o #=A YEhsEd 10900e
75.86 £3.50%2AM HlwA] Hop " A Yepstt). ofek 2
o E91A7]9) Gash Bt Ve ATHITF (Song
et al, 2001; Kim et al, 197727 ZZol|= nitricoxide
(NOY! AgelAlel tieh ks AFE BT (Abn er
al., 2003; Ryu et al., 2003; Kim et al., 2004). °]1E2] ¥
29 gale U9A7lel Fusksel ke Zolt, 53] o
$R)171¢] gFEdHo] 3= scoploetin®] XA ZAksIIA] Z
aaksl gatol osf 73tk 3t (Bae e al, 1992). ©]
2Jal eiAl7] askso] eaulel ol MAE A% oA
Sl TR LA Fee DA ke Ao Az,
HeA7] AseA whe PskEe] wWE ojiie Beke
ASTAE o) 71 917 BRE BN FeEAR, A%
e T ARR A T F e A% s2Ee] B4
Folo] il 2 4% Atk & 4% 492 s B
I AJAIsR= 24 71ed thEAQ] cytokin in FolA] zeatin
I ABAY| FHF WS P e HEHiE Ad &
7} Tk (Letham, 1978; Milborrow, 1978). &S =22 1
SHgo) ng olat® S| SAE| wEol] AFEAe] ofHoh
LB A E o] T 322 Ui ddIAEIAE A
2kste] GRHEAO] o]§slglth. HYSHe Ao Solde
o] g3sl7] WEoll F=& F A flo] B AEE GAIR &
A & sdvks el Ut Zeatindl] the AAE EHIEt
© o e AlEFE Aiel 7P & 9UHE vERe
gk ] NEFE el dAIAZIAE Akt o] &
A& 0.05 ug/well2 3}3lzeatin-APS] FE+ 1
o] 405nmollx] FFE 095 7IEo R A o] IAE
o] 8-t zeatindll Wt EFHAL A4 eiledl 34 g
© 1L5pmolo]lom S 9= 250 pmol7kA] Stk HEgh A
Sold A fleiM A E R x-S ekt &
Yoz AFR3b trans-zeatin ribosideS 100%= L o
trans-zeatine 75.6%, cis-zeatindll= 18% ATH-S HI} S
™ 6-furfuryladenosine, adenine, cytidine, isopenteyladenosine
riboside, 6-benzylaminopurine,guanosine®|= 0.01% ©]3}= 7
o] REEEHA] otr wig- Holdo] 55 & F Stk
ABAd thgh ©AIEA Y] FFHAAM A= 05
prolo]u] Z3sl 140 prol oAk I Hold LS
23k aPIkSolA £ ABAE 100%% 21 +ABAE 86.5%,
ABA mixed isomer= 28.3% 12|31 ABA methyl ester=
118.3%32# ABA fAHEZEQ] phaseic acid= 0.82%, xanthoxin
¥} dihydrophaseic acidell= €] ¥Hg-5 YERHA] 334t whet
Al o] FAARYPA L Folio] Erhe A Isen o
FAE ELISA 40 ALgSIler HeA7] Alge des

o
A

April May June July
Months

August September October

Fig. 1. Changes in zeatin level during the growth of Artemis iaiwayomogi.
The vertical bars indicate +SD of the mean (n = 3).

g'g FFos Ak

A& WA cytokinin 7He-Hl] tHEA<Q] purine A1 zeatin®
ARG} Al BAsEE ZeE A Jor s &
Zekar =3t Ao g4 ko] Fojue Ao dEA
ST} (Sitton et al., 1967).

49 159 AL AT 9YR7] Yo= zeatin FEFO|
186.86 + 1.40 pmol ©] A}, 737F Al2be]= 6doll= 178.03+
2.61 pmol &= Fhgo] 7P =4 vebstth /iS4 717 Av=
89S 160.56 +4.46 pmol & 7FAE 7] A|Zbsle] 9ol U
o] 7Z+23ka 1080l 117.93 +5.83 pmol 7H4] 7H48kich, 2
2} #2438 100 pmol o] S AT Qs AoE e
Wt ol H 71de] 108704 25 YR 7] Wi
o] A=A7F st AelE FrAlskaL 3lom ofuzbA] S<ke
2 w3ds #EE S U "l ZoE Ak

O9A 7] dollA] ABA FFHS 49 159 AF YolA
19.00 + 1.26 nmol ©]AT}. i3} A1 &EE 69l 25.76+ 3.03
nmol 2 °F7F F7sklem sist HA717 Euve 8€dle
35.66 £4.90 nmol &+ wje] FFor Frigen 10€de

ABA (nmol)
8

April May June July August September October
Months

Fig. 2. Changes in ABA level during growth of Artemisia iwayomogi.
The vertical bars indicate £SD of the mean (n = 3).



3548171 S7FeE 68.20 +2.52 nmol ©] AT ABAE= Hl3EAQ1
Bod) sERo e AERG 14 odAlsT FHo

g Ef o

o>

o= Aow dEA Ak Milborrow, 1978).

9o} e
o] HE=HS ¢

A8l %

[e]

BT

IS

glsiaict.
Zeating} &8}

zeatin?} ABAT 4733 Eagol wEhA
F 7F ATk Wb zeatingt ABAS)

B G 5 Qe AEst @ 5

3F
=]
T'_‘})j]
olo
=

KN
.
o

=

A7) AAS Fig. 33 72o| BTt

DPPH (%)

Y = -61.92 +2.25 x - 0.008 X’ (R’ = 0.65),
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Superoxide radical scavenging activity (%)
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20 T
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Fig. 3. Relationship of zeatin content and antioxidants activities
of Artemisia iwayomogi.
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Hgghalel o] 499 10974 H9IA7] WA zeatine 2
o] Aol me} ashe AC® et Fig 30 A
13} 7+o] DPPH 7<H—’.—7] 27, superoxide A7 AT
AN} AR S-S zeatin Treko] WS wf A eI
3] zeatingFFo] 135 pmol ©] 4O 2 %L%kol ZolxH gHits)
g ZaE™ 135 pnol ©]3FE WolAH Q3| FAkst &
Eo = ZoR gRIFAUTH
A TEE ABAE AEA7F A4

>\1 m{ﬂ

=1

Alo

O_u Nﬂ -!lm >l’

—_

}\1
A&

Zoh7 wskahs 34

DPPH (%)

70
ABA (pmol)

Y =11.90 +2.21 x- 0.01 X’ (R°=0.87)

Superoxide radical scavenging activity (%)

Y =-2851+4.23x-0.03 X (R*=0.86)
E—— )

Lipid peroxidation inhibition (%)

ABA (nmol)

Fig. 4. Relationship of ABA content and antioxidants activities of

Artemisia iwayomogi.
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= Bl ol Tkt AL FA 9 ARdolnt. B 9A7]
oAl ABA®| g WEE e S vERth ABA
3} DPPH #}t|Z 2475, superoxide ZHEZ AAF,
2k} JAlsHe] BAE Fig 42 JERNITE ABA
Z7Kgel web Gast BHE vdHoE Fkshe
vebsdth 75719l 693 79 ©olF ABAS] ek 3
o] Buk F7bshe 22 & Sk ATk A R
£ ANgA oo} BAuo] msgwe] He} seatindE
28l ABA S F7F Stk Zlo] dRbA Sl ootk
(He et al., 2005). 21 =A41¢] thEZ2] =354 DNAS} 3
A A Ak, FERDS) Folo ol WE FIY FYe)
Z+4~ (Smart, 1994; Buchanan-Wollaston, 1997; Chandlee, 2001)
S olHF 71wzl stasd F Al Sk 4
A9 Wl #AE e AR deA U
(Philosoph-Hadas et al.,1994). 184 2125 Aufshiar <
oA AEdd TaEs At AREE el St
3 dlsA dAEEe] Ae] F7F "tke BAL (Paula e
al., 2003; Santos-Gomes et al., 2003)%= ©]2|st 7133 A
7F ol B = Q) o)9) 7o) A8 sEEo A A9
upebr] gHko] WEEw S AEAe] 23F thAl Al ¢
g Akstet st 3 Wist dvke AR S & 57 SiSiTt
B A7) A o|ephe AEA Q] PukA ] A akg] o
—‘:51' 7}-10]3]_ 3 2=0])

718
N

T

Aot 22 A+ @4* H9A717F 69 7R317] o] % &its
o] 7] ujiel o] A71E TEsle] EsHe o] P
s} $o] Be TEA kAT div f2F & Aok
AHS ANG AoRA ol Al How o)g8 4 g 7]
2 Agz FEa s,

ARl 2
S AEeha A4 Aol SfsiA S E A
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