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96-well plateE 0|28 DPPH free radical
A SHI O 288

HEN - Q- ol - 2N’ HAE' - 0|Ws| - 2FN - LBE - Tl

2 : 96-well plateE A3-3l4] DPPH free radical A4 341l &7 (high throughput screening)¥}*-&-

29

Sk, of WA oldslel 0719 AEEY A R A% 2EED WS 24
stgitt. DPPH free radical 24 A &3] é;ﬁ—% 23t HA APFEAL = ul-gdio] 250 pLd % 100 pM
2] DPPH(pH 7.8), 20%-2] uk-g-A|7ko)gl 3, o] Z73}ol4] ascorbate} a-tocopherol FL 2 ql FAtstE
s viebRA) 10749 A E —‘—%@Lﬂ%ﬂzﬂ FollA 1709 steEAdo] 100 iM F=eA 70% )4
FAstEA ] =, 53] ampicillin®} gallic acid= Z-2H 902%2} 92.6%2) viehlich =3 100709) A%
FEEL 50 pgml FxelA| 70% olde) XL Hole FEEo] 17lo|glenl, 2 FollA AT-4078) 4]
o

90.1% 2 7P =A Jebstcl meb 96-well plateS ©]-8-8F DPPH free radical 7%%%4 SAn-L oy
7P R vkt A EAA gte] ) sty A&sA GRS AT 5 e Ao
2 AEE 00039 19 1090 A4, 20039 69 209 S2))

Key words : DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical, 96-well plate, antioxidants, plant-specific enzyme
inhibitors, plant crude extracts.
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183} AEA= AR YA T whou} & AEFHAA 2RO ] %"(Baek , 2000) Y
NHE R&Ho 2 FAJAb4F(reactive oxygen species, olg} HHE FAHz I} AYsT 1o (Kwon
ROS)o] AA == rﬂ(Oberley S 1995), AAFA Sl tha} 3> 2002), SHAbsHARE-S 7}7‘1 2+ A °d “z‘ i}ﬂ%
A ol 4= superoxide dismutase, glutathione peroxidase, = =
catalase9} 7He FAMSIEA(Shull E, 1991}, ascor- o 1999 2= 7, 2001 31 2001)°] %Eﬂﬂﬂ A
. bate, a-tocopherol, glutathione®} 7+-2 28z} d}Atalx) c}.
Fo] olEjd TAANALZES AAAZNOine =, o Ft A FA o] deksiAl s
1997, Traber, 1997). &y} Algk 4kl AEys Sl+=dl, & 51 oxygen radical absorbance capacity
(oxidative stress)7} #|<%]o} AL } A1 23 o) A (ORACYHolv} low density lipoprotein(LDL)* (Han-

delsiA AdY A A e 549 BYAE, delman %, 2001), B-carotene bleaching®y (Pastore =,
WA 53, A eAes B3t A et} 5} 2000), electron spin resonance(ESR)®¥{(Ogata =, 2002)
# 5 AEAY Fo ol AsEmEoyerst S0l STk 2B o]H¥ Syl AY si7)e

Halliwell, 1976; Salin, 1988), £%¢] A$ex ztz  AHEe] EA8EAY SAste AT ko] o4
¥, Alzheimer’s disease(Benzi®} Moretti, 1995), =3}, 2 gl &7 o HAREe] ook &, DPPH
2243, A% (Rohrdanze} Kahl, 1998) 5 efe} 7}x]  free mdical 244 S L 19583 25 2705

AWl ko) olcky oedA 9ok A=elBlois, 1958), AAte] WA EE o] L3l 7
RS EAste ofF Mg WeR AFE
*o3 2] 2} e A7AES o] WS ol4sly] FarstaAdE
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96-well plate& ©|-2%} DPPH free radical

A8ka sith(Abe %, 1998a; Martin 5, 2000; Abe

weba, 2 A& 7)) DPPH free radical 278
H SRS Vo o] wr} Zhstn 544
ol WA A(high throughput screening, HTS)E- 7juls}
7] $18te] 96-well plated ©]843 DPPH free radical
g Z‘;z%a‘}m& A FA A i}-agg].;/_, o]
5 AEE5A 2o ekt AdERYE A=
+ PARELS Pt A4 2w sgin
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Al&lo]l A&} 1,1-diphenyl-2-picrylhydrazyl(DPPH),
ascotbate 2! a-tocopherol2- Sigma(USAVAFZHE] F4f
3lgdw=d], A4l dHalEkA|el  a-tocopherol--
soluble type(Trolox)S AFR-3lgivh A 22 34ls)alA
AL AE5A ZLAHA 10770} A FEE 100
AT daez FRslged, 425Y TN
ZAE Eslo] AAsla o] Sigmas?lr Aldrich
chemical(USA)AF = H-E] o) 3o (3} 5, 2001), A&
FEEE 'GP%RJO%—%%B_;#—H s‘gia}oﬂu} ol
o oupulgon Azl TR ssl AT-ARW s
2 Das) s

water-

o 2y

lo

96-well plateE 0|

Zg =] H:H

olgbg-2  SaAlz]l DPPH 891 2475 uLA
96-well plateol] multi-channel pipette &2 RF3t3, o
2ol Al 25 ILA Arkele] 2% agalo] 250
L7t =525 sidch o] & AAAIZE Fol wbgAIRl
k- micro—plate reader(Bio-Rad) & A}-&-8}of 517nmol| A
o FHE WeE YA, AT A2l

St free radical AHEM

a8 A 2 4 93

& w)a}bod free radical A4 84L& AA sk

Free radical 2784 &£3& £ AR uFLA7HS
sletsly] 9)3te] DPPH ¥=% 100 pM(pH 7.8)2 =
43 ¥ ascorbate FEF 10, 30, 50 pME 237,
ANRO R 40R7}A] WFLAF|HEA SE HHo R
w9 W3E zAElgth w3, DPPH 299 2=
=8 zARsb] Sldl pH 78, HEEAIZE 204,

ol o’:;J_,

ascorbate ¥ 5E 50 yME wAsty DPPH L&

300, 100 & 25 pME *]2]3}¢i.on, DPPH 100 uM,
uh-2-X) 7k 204, ascorbate %% 50 pMY wj] -g-42] pH
22, 4,6 89 1005 243l AA pHE 2A}s}

*] 7\:]3 DPPH 100 pM, pH 7.8, #2417} 203
o8 343} 10, 20, 30, 40 H 50 uMe] ascorbate}
10, 20, 30, 40, 50 ¥ 100 pM®) a-tocopherol-&- 2} 3}
gk g, 107708) E2A 3 A EHIT-series) & 25
F57h 100 pMe] 52 34 ZAsted Aelslela,
FFAATLPOZRE FET 10079 HE 35
E(AT-series)< 500 pgmLE x| 2|3ta o]E FollA
w3} -5k Z%%‘:ﬁ 50 pg/mL A2 sk
free radical &A% o] 958 3stEA o AE2E

22 s

4

¢

AN BISAIZE & ascorbate =

DPPH £#-f 100 uM, pH 7.82] 5‘_74 ol 4] ascorbate 2
A48t & AXNHOFE free radical LAREE T4
Az, AR weAEE 208 yelgdckad D).

Ascorbate 30 2 50 pME-SoljA] 2058-7}A) & wh-S-A1 7k
9] As}o) w} free radical &34 AEr} AAA

2.2 Zrhsigiond, 1 olfew WrtE Wiyt 4l
th olzjgt A3l DPPH £ F9) free radicalo)
ascorbateol] &j3fo] 2k AAE YA, autooxidation®]
dejulr] wjFal Zlog AZtE el Martin 5(2000)
o) 2)3}% DPPH &<} U4 a-tocopherol 7} F Wk
2 X 7to] AFNEFE free radical 4] Fr1EH
obar slode}. AR E ascorbater}; a-tocopherol-> DPPH
$oizte) ko] AHH} FA0) g st

)
Ao 2T AT 5 YT YR W AW

Nﬁm of
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Fig 1. Effect of incubation time on DPPH free radical
scavenging activity in 96-well plate. DPPH free
radical activity for incubation time was deter-
mined at 100 pM DPPH ethanolic solution (pH
7.8) and ascorbate of 10, 30, 50 pM.

Aek@ vl AAD. ey o)gt F453 W 3
AFstall7 DPPHO| free radicalg A7 8}e EQlol:=
ALsA o] Fo)A A, wk-g-H j2] free radicalo] <}
A3 2AER v AA)Ee Ao AlEsY o
H
o

n‘.

2tA], AA uh-$AIZRE uhg-o o] DPPH Fx9}
Astua} s A e wet dekl A
F A7 ET) Martin2000)3F Abe E-(2000)ol] whEw,
DPPH £z} AMXN g X% ue} ugA7he
o4 24774 chepebl BasiAE shelc).

g+, ascorbate 10 pM “ERojA = wkS 40H 3
% free radical®] J‘ﬂ%*jol 30% olst= Jgkod,
30 1M Frele wREAIZTe whet M ez A
o] Frb A 208 FolE 12%2 gl
2|1} ascorbate 50 WM 550 A= free radical®] 4A
4o FAR Zkskd, 208 Tl 90% o4
%o 2ABYS tehhgdeh webd, B A2
#12] 253} ascorbate®] FEE 50 pM<l Ho2 Alg
= %t

ot

AX DPPH 8Yd s

Hh-g-golol pH 7.8, uF-2-A17} 20, ascorbate EE
50 uMe] A x7e|4 DPPH F=& 2elsisls 7
4, free radical®] A& A %= DPPH FZ7} 100
UMY W) free radical A WFgo] AR 02 Z=7}aled
o, 208 Foll= 0% ojdel A=Y P
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A Aoz A5k 2). DPPH 300 1M A
2lell A& free radical A& FIHE AT Wb
208 Follx 7 AL 50% o|stel o, DPPH &%
7} 25 pM<) 7% ascorbate®] 7ol 2)sl 8& o]l
free radical A HF3-0] ZEE|dAq, 71 HEE 80%
OBz ek} 4Ee SEZT] A sk
oh Zeiv), DPPH 5 gt Agjel Hebal choks)
A B3 Foj(Abe 5, 1998b; Martin 5, 2000;
Kikuzaki Z, 2002; Ogata S, 2002) gl 7tz}e]
71 A gel| wel Agt DPPH 5%5 AA e} &
Aoz Az
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Fig 2. Effect of DPPH ethanolic solution on DPPH free
radical scavenging activity. DPPH free radical
activity for DPPH ethanolic solution (pH 7.8)
was determined with ascorbate of 50 pM for 20
min.
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96-well plateS- ©]-8-8F DPPH free radical 47| %A

free radical AAEA O 2 LS v x|A] ¢ Ao

2 vieht DPPH §-949] pHe ZA zaslx] ol
g o AZE il AAE okt &
sf A7) 100 M DPPH &-aio- pH7} 7.8 A Eo)7) u)

Foh(Ahi ) A1),

o)
It
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Fig 3. Effect of pH on DPPH free radical scavenging
activity. DPPH free radical activity for pH was

100 yM DPPH ethanolic
solution and ascorbate of 50 pM for 20 min.

determined  with

AscorbateQ| SHASIEtA

Ascorbate(vitamin C)&= A} el Fol| o] 8-
w0l Sl vitamin 2] FhpE(Padh, 1990) FEo|u}
AgeM BigAzA ot 9¥E s Yt
(Foyer$} Halliwell, 1976). Ascorbatets ZAJ4kA Z=
A] hydrogen peroxide(thO)% 4:7]8h= thEA Q] $4
A ksl R A gl

MEH = 0|23} ascorbate?] dHAMELaMLof o3 7t

F 52 A AL AaA 2 AR w3 St
A~
%

ax

2

3
722 ke ~EYARRY S BT
C}(Foyer$} Halliwell, 1976; Gorden®} Beck, 1979;
Nakano®} Asada, 1980). 2 A&y

&} ascorbate®| 3}HAlslEA}L. o
l=dl(z2¥ 4-A), DPPH £ 100 uM, pH
A7y 208-2) Agz7o) 4] ascorbate %’—E% 10, 20,
30, 40 % 50 pME Ae2]3}93-& u) free radical A%k
A& zbzb 246, 467, 700, 89.8 X 952% % Z7}eld]
t}. 3} o] A3} DPPH free radical A Ia1xl

43 1 &8 95

719 AFA 3 Martin 5, 2000; Kikuzaki %, 2002;
Ogata 5 2002)2} = f-AFgE 74 ko] g)c).

a-tocopherolQ| ERISIEA

a-tocopherol(vitamin E)-2 ascorbate®} v}ztr}z] & Al
Al ellA AbsE 2B 2ol ] 7t Akste
Ae /e dEzAd AL dAkE A Penock 5,
1964; Janiszowska ©} Pennock, 1976)% e ¢low,
o]3= singlet oxygen('0:)z} alkyl peroxide S E3pHdo 2
AN 8E A1 9ckBatle E, 1976).
DPPH free radical A& Aol tjdt a-tocopherole} 3}
AtstetAl AnE A8 AT ascotbate 7342} vf
WAg FEAEA] WS Rela siuthad
4B). =, atocopherol?] ET2 10, 20, 30, 40, 50 2
100 M2 %]2]3}51S& W free radical A7 @A zk2t
217, 310, 43.6, 483, 563 2 933%% i}eh} r}E
AZATNMartin =, 2000, Kikuzaki =, 2002)9} S-A
g e veblck welx 96-well plates 0]-8-3h
A8 S-S ascorbates} a
-tocopherolol] th3} t}E AFAe} FAFSEZ] wFell
Bot Zepor @ A5 sEds 3
A 4 QS AR Als¥ld

free radical

/\l%_E_X“l §)\ 16’“}"0] o})\}'g'.gl-/\ﬁ

B Aol ARG 107709] HIT-31H8-2 ofe] 3tx
:“v’:'d% 3ol AEoM B4 Aad AHAghda 2
a=e} gl HFEEEHR ¥ AMNAE AYstae
gAatshabgel Wit Rl e SEEolth o
107742] HIT-31gH&5 100 pME X3 5s H(AHE
ul A A 11708 &A= 70% ©]A}; free 1adicalS £
Asks ALE et ad 5-A).

o] ZollA] D-alanine carboxypeptidase 1 =]sfj#lal
HIT-17 (ampicillin)3} phenylalanine ammonia lyase #] 3]
#)9] HIT-28(chlorogenic acid), HIT-51(ferulic acid) =2
HIT-52(gallic acid) 5 90% ©]|4+¢] free radical 47
2A)& 137, phenylalanine ammonia lyase ]} 4]
HIT-24(caffeic  acid), oxidase #| s A2l
HIT-65(kojic  acid), #sjAlel  HIT-75
(nordihydroguaiaretic acid)?} amine oxidase ] a}#}2l
HIT-84(phenylhydrazine) 5 85% olAte]l AAEAS
Walshe A2z uehles), ol5e) 3 YT
A (Cuvelier 5, 1992; Carrer 5, 1998; No 5, 1999;

polyphenol
lipoxygenase
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Fig 4. Dose-dependent effect of ascorbate (A) and a-tocopherol (B) on DPPH free radical scavenging activity. DPPH

free radical activity for ascorbate and a-tocopherol was determined with 250 UL total reaction volume
containing 100 UM DPPH ethanolic solution (pH 7.8) for 20 min.

Burdock 5, 2001; Kikuzaki &, 2002; Kweon %, 2001;
Bhasin &, 2002; Imai %, 2002)¢}% $A}3} 7Agke
veblict @, HIT-74(niclosamide),  HIT-92
(pyridoxal), HIT-104(tranylcypromine) S-of 3} 3}A}
Sk AFRae AT § g, o] BHEY
TR F71H 02 AR elol @ solh
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= W 309 7§e FEEE] free radical £ATAE
R v AA)) 50 pgmL FE2 Xl slgied,
o] FEZojA 118 FE2EEE 0% o]Ae] free
radical 2~ 843-% ehliglel(1¥ 5-B).

gk, AT4072 Z3ZE(crude extract) ol = B
3}ar 50 pg/mLollA % free radical AA2HAJo] 90.1% 2
A dEht AAE fele] AR ks A
Vsl gk AEV ded Aoz Azksgich
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AT — compounds

Fig 5. Effect of plant-specific enzyme inhibitors at 100 pM (A) and plant crude extracts at 50 pg/mL (B) on DPPH

free radical scavenging activity.
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Application and High Throughput Screening of DPPH Free Radical Scavenging Activity by Using 96-Well
Plate

Jung-Sup Choi, Jung-Im Oh, In-Tack Hwang, Sung-Eun Kim', Jae-Chul Chun', Byung-Hoi Lee, Jin-Seok Kim,
Tae-Joon Kim, and Kwang-Yun Cho (Korea Research Institute of Chemical Technology, Jang-dong 100, Yusung,

Taejeon 305-600, Korea, 'Division of Applied Biotechnology, College of Agriculture, Chonbuk National University,
Chonju 561-756, Korea)

Abstract : A 96-well plate was applied to determine the DPPH free radical scavenging activity using 107
plant-specific enzyme inhibitors and 100 unknown plant-originated extracts. The final optimum volume was 250 1
L containing 100 uM DPPH ethanolic solution at pH 7.8. In this condition, the radical scavenging activities were
significantly ~increased by two known antioxidants consisting of ascorbate and @-tocopherol in a
concentration-dependent manner. Among the 107 inhibitors, ampicillin and gallic acid showed 90.2% and 92.6%
antioxidant activity at 100 uM, respectively, and these results were consisted with previous findings. In the tested
100 natural materials at 50 pg/mL, antioxidant activity of AT-407 resulted in the highest of 90.1%, and 10
extracts including AT-388 and AT-443 showed over 70%. Our results suggest that the use of 96-well plate for
determining DPPH free radical scavenging activity would be a suitable method to select antioxidant-like substances

of both synthetic compounds and natural products.
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