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AdEjoln] gk F2E9] AL QAN GATH 2 BANEFY] AABAE FHoE dulule}
izl HAESYTE A7 dF, depxEle AtEos 39 2 X FII3 AAEA, superoxide radical 2
hydroxyl radical £2AEXE ASARoH, dolxze] o3t 433} A9 F7Hae] AN or|olN 7
3519tk Superoxide radical 2AZES i GEANulol 7} AAHQA AATEL E}o, WolAE]
o) 93 49 FEELS 94 ANt JFE ¥R, 2 FE713L AR 9% AFAR radical &
Ad J& Ao vkt A SA40] 7PF € hydroxyl radical £2ABHE AR Ak, Ao 7}
AAHY 2AGY ¥ oz, DolAE 9T £ARAY F/EE /P BRen, 2 FET1RE Fed ¥
o] ofd ZFHAQ /A 4AYo] wHFT) ol9} ZHL in vitrool #AE AFS] ROS £AZEE TPASY
=8 HL-60 AZ2] ROS A4S A= fashH 2&3igh
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AlE 2 A% FEAYEel] 2 s AN o] & A
vl Edwe] AlE 2 2%F 2 ¥t TS AL A
SRE AT wol, WY EFIAR 25T T, 15C THT
ol 48A1ZF A §-, 27°ColA 397 oA A, A AL A
Aslar, B4 I suiHe] 70% EtOHE 80°CellA] 3417k Fot
refluxal@A FEste] AtAE § DMSOO] &3AMA 100
mg/mie] FEE o] 20°Co] W RAsIHEA ARSI
DPPH(1,1-diphenyl-2-picrylhydrazyl), 2-dextrose, linoleic acid,
TBA(thiobarbutyric acid), FeSO,, ascorbic acid, o-tocopherol,
BHT(butylated hydroxytoluene), 5~ A&l AM§-3F 5}8PA ok
RE Sigma Chemicals(St. Louis, MO, USA)®] #&-S AR-3}
At
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2 517 el Z2FsII. AR (%) (1 - AYAC)X 100]
o2 AFSUL, At Ace 27t 82 Uiz §8=
& vehhgich

A 43} JAGA &4, Linoleic acid model systems ©]
&8 AF A3t AHEAE Smie 0.13% linoleic acid,
24m] ol smie] 50mM XS (pH 7.0y AE
100miZ cap tubed] WL 40°C incubatord] 10¥7F B3 &
A2 AE BEE thiocyanate ol 234 ohast 2ol £4
ShATh RS 100wl 47mi2l 75% EtOH, 1002l 30%
NH,SAN -€4& 23 20mM®] FeCl, 403 Az on
HEE-olA LR 2R Y%= UV/VIS spectrophotometer(V-550,
Jasco, JapanyE& AHESI] 500 nmollM S-3=R Y5

Superoxide radical(Q,) 44 2 ESR 2327, Superoxide
radical &AEAe] =40 AME2H  superoxide radical>
hypoxanthine(HPX)& 7|22 xanthine oxidas(XOD)Y2 AM&-5h=
HRIAIZ~EHPX/XOD system)S ©]8-3lo] AAAIZ oM, A4
H 212 spin trap agent®] 5,5-dimethylpyrroline-N-oxide
(DMPO)3} ¥t-3-A|71 & ESR spectrometer(TE-200, JEOL,
Japan)E2 FIATE F, Ao AEE 35w 55mM
diethylenediamine-pentaacetic acidDETAPAC), 15ule] 92M
DMPO2} 0.02 unit®] xanthine oxidase$} &3}l 0.1 M A4t
HEHpH 742 92 ImiE 2F3I}). ESR spectroscopy
Z 9§ 717] dA3z2AL U3 2t modulation amplitude,
0.1 mT; recording range, 4 mT, recording time, 1min; time
constant, 0.1's; microwave power, 1.8 mW,; microwave frequency,
9.40432.

Xanthine Oxidased] tHE JA&Y 3. Xanthine oxidase
o] JABAL Noro2] WMol el 4-3)stch 200mM <!
A pH 7.5 0.4 unit/mi®] xanthine oxidase 3 7}s}e]
37°Cel A 1087} preincubation A1Z] - 2mM hypoxanthine
50 Hristed 37°ColA 3087 RESAIFICEN A=
uric acid®] $& UV/VIV  spectrophotometer(V-550, Jasco,
Japan)E ARE-EF] 295 nmoll A1) FE=elA ST

Hydroxy radical 44 2 ESR 3%7#. Hydroxyl radical
2 FeSOSt H,0,.Z AH8813 Fenton HH-2& AN Z e,
338 ]2 superoxide radical A& e 43 Rk}
A= spin trap agent?] DMPOS} ¥H2-A]Z1 & ESR spectrometer
(TE-200, JEOL, Japam)= A#slict? &, A=) A8E
50ue] 03M DMPOSF 50p/9] 10mM FeSO,, 50uel 10
mM® H,0,9 &35t 0.1 M 14 S5 (pH 7422 A
|38 200wWE FE3UTE ESR spectroscopyol] 2] 3
hydroxyl radical®] %< superoxide radical 74 Al&} FUS
717] #szddM s

Fe** chelation 84 23. Dol thujolw) FZE-0] Fenton
gheo] B a3t Fe?9l chelating SH-2 23 7o) 24319
o 10mM QAN EH 74) 20we] AE 10w, 10mM
FeSO,, 10w, ©ol&4F 60, 10% ammonium acetate 400
Wz FAAE wkgdo EAAl K3 mg/ml  ferron-3 mg/ml
neocuprion) 100 W& H7lste] 2 T &, 562 nmollA <]

FAEE ZHUT. Bwsde] BEIHE R Fe

Fe(NH,),(S0,),& o83} 2t FF=40]| oJale] A&aiirt.

HIGHEE o]83 AIE f @904 SARY 3. AE
el 2 EE g844akhe] LA nAs AlEe a3
premyeloblastoma cell line?] HL-60& ARS-3le] 30>
10% PBS7} 3-7-E RPMI 1640 HiA|E ARS8 5X10° cell
me BEF HL-60A ¥ AEFE 24T the, 1.4% DMSO
2 FH73le 597 st SR 2317 v, PBSOl
HEElaL S0uM  dichlorofluorescein  diacetate(DCFH-DA) %
AH3 ofe] NEFEES FUlsl 37°ColM 15 £7F vH3A]
ZIth. ®r% ¥ 12-O-tetradecanoylphorbol-13-acetate(TPA) &
160 nMo] HEE Hr)sta 3087 WA Alxe] #Eg 2d
= Z FACSvantage(Becton Dikinson, NJ, USA)E A}-&-%
flow cytometryZ Z43IAth A A2 M¥mAe HEF
T 1lug/mi®] propidium iodide(P) incorporationE A%
flow cytometry] &2 AR AAGA ] SAFH FA &
A8t

EARA. 339 ol A9 HHRE meant SEZ FAISHA
on, MHEAY Hax)7ke] fo)Ad-L SAS softwareE o8-8k

. Duncan’s multiple range testol] €3te] AZF3IATE p<0.059
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DPPH radicalo]l ™3 HA-F%F. DPPH(,1-diphenyl-2-
picrylhydrazyl) radicak> 331402 {LEE radical2A], 0w
g gAOA AAE FoRted 1§ o] glojR=
o] itk TRER o] MAE HA Hsio] Alme] AR
5 SHY 7 vk HIF B oE RS radicalol
lipoxygenaseol] <3+ A b3} gh3AlolA o] ikl &
=4 Avele & FHEe 5 MR Aol 2
o} & &7 Whgoeltt? & A@AM tELLE AR
28l BEMIQ) ascorbic acid 2 ¥4 dH4ksA|Ql BHT
7% 10pge) oF 89% =l My EE YeRL
=l vjEiA dunlE 2mg oF 33%9 AR a3E
ERNE AITH(Table 1). 02 mge} 9= 5% A=) WA
oJEIE WY, WS wold] olsl] HAAFATS A 7t
e AoZ JERITH0.2 mg AlEZ7IIA oF 20 F7h. Ad)
Aloprle] AP FE Frbokxziolx 2 mgd] HEAiulolr]
FZ59] Z49E Al dutnE WA LERR|TE dolA]
o] ojste] o] A AF < UK &, dokAE
o B F AT 242 02meH 2mgol AlEFE 2
oM BF duha] > sPAtEoh] > FEANENolR|e] A E
HAA, AAbgedse] Z7H-E st > v >
FAduletale] A 2A Aol ST FElEt
At ole} 72 wolEl Fale] Axpge BHE & Aot F
A3t 270 FAE TR T ALE, Aol B ECF 80%
o] AzFIFIETRE AAFAlTe] ARt &, i, Ue
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Table 1. Electron donating activity of 70% ethanolic extracts from rice seeds on the DPPH radicals

Sample dose Experiments Absorption at 517 nm Electron donation (%)
Control 1.010+0.041 0
BHT 0.137£0.002 86.04
0.763£0.007 23.62
N i Not-germinanted 0.6241£0.054 33.27°
ormatrice Germinated for 3 days 0351£0.021 64.25°
5 Nampung gaint Not-germinanted 0.595+0.037 40.09
me embryonic rice Germinated for 3 days 0.412£0.061 5821°
Hwachung gaint Not-germinanted 0.744+0.050 25.34°
embryonic rice Germinated for 3 days 0.410£0.050 58.41°
Normal & Not-germinanted 0.945£0.035 5.44%
ormatriee Germinated for 3 days 0.841+0.029 15.74°
Nampung gaint Not-germinanted 0.937£0.021 5.24%
0.2 mg N . . @
embryonic rice Germinated for 3 days 0.915£0.032 8.41°
Hwachung gaint Not-germinanted 0.974+0.020 2.57%
embryonic rice Germinated for 3 days 0.893+0.015 10.59%

Values obtained though triplicate experiments are expressed as mean=+ SE.
Values not sharing common letters are significantly different at p < 0.05.
*indicating the final concentration in reaction.

Table 2. Antioxidant activity of 70% ethanolic extracts from rices in the linoleic acid autoxidation system

Sample dose Experiments Absorption at 517 nm Inhibition (%)

Control © o 1.074%£0.292 0

BHT 0.1761+0.182 76.72

N I Not-germinanted 0.648+0.017 33.77°

ormatniee Germinated for 3 days 0.0880.006 84.91¢

5 Nampung gaint Not-germinanted 0.078+0.001 85.84"

e embryonic rice Germinated for 3 days 0.071£0.025 86.49°

Hwachung gaint Not-germinanted 0.135+£0.028 80.54¢

embryonic rice Germinated for 3 days 0.092:£0.042 84.54°

Normal s Not-germinanted 0.7940.092 1921°

ormatnee Germinated for 3 days 0.349+0.172 60.61%

0.1 Nampung gaint Not-germinanted 0.610+0.385 36.319

S me embryonic rice Germinated for 3 days 0.50810.180 4581%

Hwachung gaint Not-germinanted 0.608=+0.090 36.49%

embryonic rice Germinated for 3 days 0.218+0.166 72817

Values obtained though triplicate experiments are expressed as mean= SE.
Values not sharing common letters are significantly different at p < 0.05.

7184 HFLANR o188 & e 7FeEE ANEAH
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Linoleic acid AF5As RUlA|E o]&38lo] 2 JEg ==
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Table 3. Scavenging effect of 70% ethanolic extracts from rices on superoxide radicals

Scavenging (%)
Experiments
0.5 mg/ml 5 mg/ml
Normal ri - Not-germinated -7.56+1.59° 11.0+2.04f
orma rice Germinated for 3 days -2.51£0.82¢ 19.0+1.19¢
N iant emb L Not-germinated 9.13+0.92° 40.0+1.98°
ampung giant embryome nee Germinated for 3 days 10.8+1.98* 482+ 1.19°
Hwach iant embryonic ri Not-germinated 1.241+0.89° 144+ 1.04°
wachiing glant embtyonle rice Germinated for 3 days 9.24+0.96¢ 23.9:+1.98°
Values obtained though triplicate experiments are expressed as mean= SE.
Values not sharing common letters in column are significantly different at p < 0.05.
Table 4. Inhibitoy- effect of 70% ethanolic extracts from rices on the XOD activity
: XOD Inhibition (%)
Experiments
0.5 mg/m! 5 mg/m!
Normal K Not-germinated 25.02+0.20° -524+0.15°
ormatfice Germinated for 3 days 31.72+2.18° 4924111
N iant embrvonic f Not-germinated 25.83£0.79° -1.67+£2.07°
Aipung glant embryonc rice Germinated for 3 days 29.38:+1.63" 18.8143.54°
Hwach (ant embrvonic rice Not-germinated 35301 1.67° 6411134
Wachung glant embryonic rice Germinated for 3 days 27.93+1.56° 10.84+4.26"

Values obtained though triplicate experiments are expressed as mean+ SE.

Values not sharing common letters in column are significantly different at p < 0.05.

= ARdel FelA 7] Wi, Adeld] 550 ROSE
AT 7 JeA AFE ZARIAL ST £ ATellA A
43 d¥A= HPX/XOD systemS 24  hypoxanthine3}
xanthine oxidase® <814 uric acid7} A HE A ANA
superoxide radicalo] AR EHEH, w7717 v ®HE o]
superoxide radical(ROS)<S spin trapping agent®} HH-3-A]7A]
SFg3krZ] thE-, ESR spectroscopyRA &5k Zlo]7] W&
o superoxide radicale S33k=t] Y 7HF A3 Aol A
Aol e WolH, spectrogramol Al UERYE DMPO-O,
adduct®] peak’} AlEAEE HilE =0l5 YO FN radical
AAGHE AXRISIAT Table 3004 & 4= J50] 0.5 mg/mi2]
bl 279 AgFRolME EEANen7E 9% Hxe]
superoxide radical 2~78/30] URS W Auto] L A
ofme] A9 oA &It gle A YEpE Aok 2
v AR RS 10 ST Smymie] FRolAle dwt
o] 2 Ao oF 11-14% FE9] 2AEAE veh)
Ao, dEA oo} FApolle oF 40% FEEA,
23t superoxide radical &G ge] U-E L 4 UL o
g g9 YT 2 S FF F Ud YH, 5
B3t §A18 o) mAT 29T 5 Yok g oz
Wolo]] whE 4o HIlE Ay, dvbael FEAUEo}
n)E dolel] oJsle] foJsil ol UKL, B3] A
tufolnle wole] ojaled Ml A superoxide radical 2AE
4 EAoE itk ARS Uit

Xanthine Oxidasedl] 3 JAGA. £ 2H)A superoxide
radical 22784 HPX/XODIA SASH= superoxide radical
< A ARSI Wi, BEE AF5e aABA )

xanthine oxidase2] &4 AAE blocking FL=2H FHFo =
radical?] AL E7FssA e A3 7ol At met
A, olEd 7FsAde wiAIE] SlsIA A 58] xanthine
oxidasedl] th3t IAEHE ZF3IT) Table 4914 & ¢ U
o] B AgolA AMEG BAREY Aole @ TR
+ xanthine oxidase®] &< 20~30% BT AL Jout,
EEe Agoe 3lE ARAEAN Paske ol HEH
ATk wlolol] wpE gAe] Wsls HY, Uk g J3E
Aejujotnle] 7ol Wole}l tiEo] xanthine oxidase®] <A
g4 F7retRoy A Aduolu o) A= 23]
xanthine oxidase®] HA|Z/do] 23] WolA| AL}, ¢hire] St
3k Ag 2 4 AUtk A8 F52o] WE xanthine oxidase
AA|gAde] Wale} superoxide radical AAEES] WSyt Ayt
He RS Hol, B AFo) A5 superoxide radical 4~HE
“J-& xanthine oxidase®] Aol gk ALAY P A7} of
HeE FRIT F YUk

Hydroxyl radical( -+ OH) £2A8Y. 2 d¥JM= Feel
EAV81olA Fenton WH3-S ©]-&-3f] AJ/d¥ hydroxyl radicats:
AFo] A-L81H 222 superoxide radical A EAJel 4=}
v ERZ hydroxyl radicaleE DMPOS} HRE-AIAH QFESIAZ
DMPO-OH adductE spectrogramol| 4] LR peake] ZolE&
ZAToEN, ARE AMeekA &2 27 iz Y
radical 2AGAAS 233 om, 7 AHE Table 590 veh)
21t} Hydroxyl radicalell o3t 2AEAL 05mgmid] AR
A7F 27004 dvh] F52 oF 4% JASEE UER=T)
HJaiA Avjeolr] FEES o 20% A= AAEAE et
Wi e, duknj= ol ©Jgh hydroxyl radical AR
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Table 5. Scavenging effect of 70% ethanolic extracts from rices on hydroxyl radical

Scavenging (%)
Experiments
0.5 mg/m! 5 mg/m!
Normal ri Not-germinated 4.90+0.70° 40.14£2.21¢
ormat e Germinated for 3 days 4.02+091° 2726259
N iant embryonic i Not-germinated 22.12+3.01° 5791119
ampung glant emblyonic fice Germinated for 3 days 38.87+ 1.70° 47.5940.01°
Hiwach ant emb loxi Not-germinated 21.11£1.06° 38.18£0.53°
wachung giant embryonic rice Germinated for 3 days 3297+ 177 64.41£0.66°
Values obtained though triplicate experiments are expressed as mean* SE.
Values not sharing common letters in colamn are significantly different at p < 0.05.
Table 6. Fe** chelation effect of 70% ethanolic extracts from rices
Chelation (%)
Experiments
0.5 mg/m/ 5 mg/ml
N I5 Not-germinated -5.03+0.69% -3.45+£0.91¢
ormat rice Germinated for 3 days 4134035 3734044
N . brvomic i Not-germinated -2.12+0.44¢ -451£1.03¢
ampung glant embryonic rice Germinated for 3 days 6.76+0.66° 1514077
Hwach ant embrvonic i Not-germinated -6.42+1.59% -2.49+0.20%
tachullg glant embryome nee Germinated for 3 days 201207 0.0620.66°

Values obtained though triplicate experiments are expressed as mean+ SE.

Values not sharing common letters in column are significantly different at p < 0.05.

o] F7Pb AAEA] Faol whele] Adfuloln] FEEL L
olx|g]ol] ¢]&}o] hydroxyl radical 2A&H7}F 50% oV F7t
Sl S o 4 otk ¥ IE (5 mgml) AlEAE =74
oA FF Aol FFe] Ee] 7T E3kot, ol ¢
Bo] Uil #5 2 JdEAUEore] H-$-ell= hydroxyl radical
2AFH7} Q3E1H A e HsiA s Ao
Aolle F7kske A7F BT EEAEotr]of v]s)
Al s A o= Adiuletr] ZpA| ] FAtE Bk WA
gk, RS oA FIE I EIt FE Ao e} fAYeEA
U o3l Frtehs AoE e

Fe* o]20] thdt 2AFA &4. AlElr 4% hydroxyl
radical £2712d0] Fenton §H&-9] el AjAoz a5=
Fe*g Al87F 25024 vehles RIA, e A7t
radicate AHH o2 AASNE AR gt olF-g HeS]
371 ikl & FEEF] Fe'g Hol4, vEo[F o
chelation =710l tlsll AT Table 6oflA & = U5
o) ke HYZRANME Fe* o]0 et chelation®] &
H7t Fo] FAE Vel Zleg Hol, Atiujopn] B o}
AdjejouA S5 Fer] 2FE F3iA17F oREt hydroxyl
radicalo] thek A= 427282 E3lo] hydroxyl radical 4
AZHE e d2E & F Aok

HIGAHEE o83 ROS 2AEY &3, ol 4% 24,
Adiejelu|e} dold Atulelr]e b om ksl g4t
SEAL Eol in vitro A@ANNA VERETE v ol
g A3t A WolM e dE s Evte] QRS AES] S|
A ol & 5] ME W e A F deA
o] 3R AR )& 98 premyeloblastoma cell line

ol HL-60 AEE AANERZ AM&3le] ujedAZA A ROS
2AGY ZRAS o] &tk HL-60 DMSO%] A=5o= §
ZFpn Bl Bild 594 MEXE TPAR A=8 2
XA ZY 58 Frespiratory burst)©] dojuf, AlEZ W
superoxide radical ¥ hydroxyl radical?} 72 ROS7} th =
AglE Aog dex Ik o9k & ROSO| AshEgow
Az g T3S DCFH-DAE 4ksheo] 38 wWaEsiA =
7] wj ol AZ7} W&ot ¥FL flow cytomenyR SHTOE
R, A&7} 7HRE AIE W ROSH tiEh AAEES HEE S
2 243 £ ok Table 72 ©] system ©]-8-3to] 7 jafo}
0] @ wopAtujon] FEEe] AX Ul ROS o g A
9S24 Aot & FEES R APA HUKH
Az, wxo] 719} B8] hydroxyl radicald] A7AE/d0] &
7¥ebal ollem, 120 ug/mi ©1’3e] F=olM= Aol 100%1
e aAEAC] 98S U = US| ol
olxlz 7} duhv| Rk Adjujolr]Ee] ROS A4S 58l
A E7ARITRE ARSI,

olate] A7 ko] Auufoln] oeke FEES] st
Qe B3] AAate AEg B A A Abekg-S
ZuAy)e Aog SE 7 ST AAREE S
o7 outmle}l tlRsled AEsSIGT AT A, oHdle 5
5] Etojolx] DPPH radicalo] thet AAlgols B At
3 AABAS UF A E AS B F Ak Aot
mo] Aew wolo] 2l foldh el B ST vErt
o1} A Ao E AlQlslar dolof] oJgh B STk
oL} AWralel & FAEr} d¥hmnn) Ao R Wit
Superoxide radical &72Mg-ell Slolxls @7 dilorR)7E 24|
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Table 7. Scavenging activity to ROS generated in HL-60 cells

. Scavenging (%)
Experiments

40 ug/ml 80 pg/mi 120 pg/ml
. Not-germinated 28.58+4.03% 33.40+6.07¢ 83.90%7.29°
Normal rice . - " b

Germinated for 3 days 34.461+2.89 42271485 91.10£2.45
Nampung giant Not-germinated 36.10+£4.82° 51.78%3.44" 88.56+7.63*
embryonic rice Germinated for 3 days 5225+£3.79* 78.8716.54* 99.59+8.35"
Hwachung giant Not-germinated 25.13+£1.07° 44.23+2.79% 82.40£545°
embryonic rice Germinated for 3 days 36.10+4.62° 52.34+£2.67° 98.52+5.50*

Values obtained though triplicate experiments are expressed as mean+ SE.

Values not sharing common letters in column are significantly different at p < 0.05.

4ol 2ATHE oL}, obxel I B PEES
A AU} b Btk Ty Awrdow
os

O
=
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Antioxidant Activity of Ethanolic Extract from Germinated Giant Embryonic Rices

Mi Young Kang', Sulyi Kim, Hee Jong Koh’ and Seok Hyun Nam* (Department of Biological Science, Ajou
University, Suwon 443-749, Korea; 'Department of Food Science and Nutrition, Kyungpook National University,
Daegu 702-701; *Department of Agronomy, Seoul National University, Seoul 151-742, Korea)

Abstract: Antioxidant activity of ethanolic extract of two giant embryonic rices, Nampung giant embryonic rice and
Hwachung giant embryonic rice, were investigated mainly focusing on their ability to inhibit lipid peroxidation and
scavenge reactive oxygen species in comparison with those of general rice. The results showed that germination
process increased reducing power, inhibitory activity on lipid peroxidation and scavenging ability either on superoxide
or hydroxyl radicals. Among the cultivars tested, increase in antioxidative action was found to be most prominent
for Hwachung giant embryonic rice cultivar. For scavenging of superoxide radicals, the extract from Nampung giant
embryonic rice has the most potent activity, however, increasing rate of scavenging activity by germination process
was also found to be the greatest for Hwachung giant embryonic rice. We found that the scavenging mechanism for
superoxide radicals was attributed to the direct scavenging of the radicals. The scavenging of hydroxy! radicals, the
most toxic oxygen radical to biological system, by the rice extracts were also examined, and the results showed that
either overall activity or the increasing rate of the activity to scavenge hydroxyl radicals by germination process was
the greatest for Hwachung giant embryonic rice. Moreover, the results suggested that the scavenging action to
hydroxyl radicals might be mediated by direct quenching of the radicals, not by chelating Fe**. Further studies
showed that the antioxidant action of the rice extracts tested in vitro was also operative for suppressing ROS

production induced in TPA-stimulated HI-60 cells.

Key words: giant embryonic rice, germinated rice, lipid peroxidation, radical scavenging, reactive oxygen species
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