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T BHEEROMZEZ ML, chzllo7 FYHETHBIETENLLITE TN 2 LML TW S
BV 7/ —VEICEHLZ. e Fuxy s3I0 (COH), —FHHEHBEE ('0y), $—FFIFA 54 b
(ONOO™) BRUA—=—=FF T FT7=F > (0) HFEDOROS ENVI ) =V EDRIBIZ & - THE L LF5
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1 PNICHETRETH D, 4 ROSIZBIT S, MBILWEEHRAEZ RBNED T 7 ¥ 7 BEORED B
HCThote FHMNEERSE<45%, n=>5). HE-EMRPrOHH LY T2V VD ECfE (n=13) &
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WO, RIS TH B KEED b VIdIEKEE D - X<
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Ny FREEMME DO MR R E D TH 5205, —HRIANE
D7D E R ORIE L WERHZLEE L, HED
THTHROREOMEREALTWD., i, Y —r ¥
INA YV Ya -3 ) — RIS L B
ROS HZEREDWEESHFE SN, Thik<LFES 3
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=7 ¥ a v (FIA) -V 3 7 — VAL B MIC & 5
ROSHLREDMEEZFE. L, ZhzZhifin®d 5w
BH 7YX MCHEATAZIEZHNELTWS, WERE
ZAHROSICIF Faxy5YH N (COH), —EIEHEFE
('0y), X=FF ¥+ AL F54 F (ONOO ) BOFA—%
=+ F Y FT=F Y (0) 2RV SNEHERILAE
ELC, W7 FofibmE ensicEEns o0
IVROR) 7)) =V (R VT=D v, o T7=I v,
FNTAZY Y RPLARS ba—) 2T, &
ROS IZR 3 A EREZ ME L 7.

2 5 79

2:1 B E
FHUFUFFVI—F (XOD, NF—3I V7 HkK),
H:0, (30%), FeCly, NaNOg ZHGHZER ZH 72, 7
Vay, RGNI=TV, YTV VHTFNVT 4 =TV
F7FavEEHWE, VI -, ERFHUF
(HX), NaBr, YIFL ¥ )7 3I Uy ZERE (DETA-
PAC) 527 " RVFF T ¥ —¥ (LPO) RO FTF ¥ ZA-L
AT b H—)ViL Sigma (St Louis, MO, USA) #% J§\»
72, ZOMOFIEIT T K& 72, JKIZ Aquarius
GSR-500 HB)ZERI%EE (7 FANy v 7 8) ICCEB L
b D% EBIAT L 7.

Injection volume, 100 pl
DROmD
RC
I -

Waste

|

Reagent solution

Carrier solution
Fig. 1 Diagram of the FIA system for measurement
of quenching effect

P: Pump; I: injector; M: THjoint mixing; RC: reac-
tion coil; D: CL detector; RE: recorder
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FEEBIZHW 2RO 7 By -l (grape seed
extract, GSE) A LU BIZ=ZZL¥H AT L2, Inb
OB S B VIEEY 7 2 ) — VIR Y R R B X
AVAFNVANEFFTF (DMSO) THEML ["OH O
FRIRAFNVEVLT IF (DMP)}, 7#FT -10C T

REL 7.

2:2 JA—A>T x93 MRV AT L
(LM B VT2 FIA VAT ADTA T 75 L%
Fig. 1I1IRT. RY AT AIEF ¥ ) 7 — &M ROS 5
HEOGl&E L5 IEBEWE BWT 5 25D LC-6A R
HPLC AR ¥ 7 (EadvsfEprid), v 454 v 7195 A
4 ¥V x27%— (Cotati, CA, USA), 825-CL AbLEI M
s (AARSER) Ko R61 Blitskal (BALERE) »
LA, ¥ ) TS REE WA RAE, Bl
ELETOREI A VIZIE, 230 mm ('Os, ONOO ™ JLUF
0, ) KO'1200mm ("OH) »F7uary#afi (¢0.25
mm) *Hw7z0 BEHEARNE 100 ul & L7z, % ROS {H
FHREME T 723 v ) 7 — I OSSR A R DAL I OF
ZN S Djim% Table 11387

2-3 HELERORAR

#% ROS THEEZHET 5 720 O REHAHIILL ISR T
FNIZ L VPR, ["OH] BLER LKL/ DMF B 5 ul,
1.2mM V3 J =/ ¥R E# (100 mM, pH 8.3)
T T 0.1% He0./Y) v BRIEARME I, 45 500 wl & Wl BRE
(012 x75mm) 2z, RAML, 37C, 10554 ¥ F=
R—=PLbOERRBBEBRE L. ['0.] PUBRILR
L /DMSO B 6 ul 12 0.1% HoO,/ B BRI #Z i (100
mM, pH4.5), 80 mM NaBr/Ff: B % i i 2 O° 0.1 mM
VX =)V /EEEEERR A 2 E 2 400 plmz, RAEE
37C, 1044 »Fax—tL, Zhaelkame L.
[ONOO ] #tiLEE / DMSO i 5 ul, 1.2 mM L 3 )
— V) YERIEAEME (100 mM, pH 8.3) KU 0.1%
HyO0s/ V) ¥ B3R, 4 500 wl ZW|HIL, 87C, 105
A4 v Fax—bLAbOERRERE L7z, [0, ] Ul

Table 1 FIA conditions for carrier and reagent solutions of the proposed method

ROS Carrier solution Reagent solution
OH 100 mM phosphate buffer (pH 7.4) 100 uM FeCl; and 4 mM DETAPAC/phosphate buffer
Flow rate: 0.5 ml min ' Flow rate: 0.3 ml min '
'0, 100 mM acetate buffer (pH 4.5) 10 pg/ml LPO/acetate buffer
Flow rate: 0.5 ml min ' Flow rate: 0.1 ml min "'
ONOO 100 mM phosphate buffer (pH 8.3) 2 mM NaNOy/phosphate buffer

Flow rate: 0.4 ml min '

(OF 100 mM phosphate buffer (pH 8.3)
Flow rate: 0.5 ml min "'

Flow rate: 0.4 ml min '

1 mM HX/phosphate buffer
Flow rate: 0.1 ml min "'
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Fig. 2 Quenching effects of GSEs and polyphenolics
against "OH (A) and '0, (B)

Sample concentrations: (A) 0.031~0.50 pug/assay;
(B) 0.031~1.0 ug/assay. FIA conditions were shown
in Experimentals.

L3R /DMSO ¥ 5 ul, 0.05 unit/ml XOD/ V) ¥ BRI HE
i (100 mM, pHS8.3) RO 12mM VI —/Y vk
WM, 2% 500 pl 2 A 37C, 10 0M A ¥ F 2 X—
FL2b DR FEEERE L.

2:4 ROS HEREDHITE

ROS {HZBE1E, PiMRLAEZ & %\ (DMSO, DMF
DRI B & OALFFHEE (¥ =278, Cl) <7
%, Cl, 2 6 PBALEARHRINE O LI (¥ — 2 5,
CD ZZELFIVHoOEGE LTHEIBLTWwS. 7 Cl
% 50% WET B H O ERE % & - BOo #ifs 5 5
WL, ECofli L7z (n=23).

3 RRKOEE

3.1 FIA &

% ROSHEFHED T2, F 1) 7 —iEi, REEHE
OFE, FISIAVERTL I J — ) ViIREED FIA &40
B b E 4T 72,

9, "OH T AHERMELEIIBNT, Fv 7T
—BEWOTEDS Clo 1252 2 IOV TR 217 - 72,
0.3~1.2 ml/min OFFTHWEL/ZZE A, 0.4~0.7
ml/min TIZIT—ED Cl, 7R L, 0.8 ml/min 2L L THA
L7z, 22 CUBAOBEICIZ 05 ml/min 2 Hwb Z &I
L7z, RIS, RIEHEROWMEISFIREECE 2 28I
WTHE % 1T - 72, 0.1 ~0.5 ml/min OHFFATHZE Lz &

AT, g, 37, wlg, 2, PE : FIA-V I — AR50 IS X 2 0 PR A 16 T 251k o0 SR 933

Z %, 0.3ml/min ¥ TIXHEED EH IV, CL, oA

BEsh7z, T2TlE, w®AKDCL 2~ L7 0.8 ml/min
BEIRL7z. RIS IA VESOMEE1T-72. o3

AN, FHE02mm DAT Y LARF—=LVEOL D%
Mz, Zoks, KX 120 mm (BRI% 0.4 B coflE
WZHY) CTIRKRD CL 2R L, Z0%, Knaf VoER
EIRZ L R L7z, RISV 3 7 — VIR OfLE5O
REICHZ D HBIZOVTHRA 27572, 0.1 mM 25
omM DOFEFATHE L& 2 A, BED LR LI CL b
FHL, ImMUETRRPD EDCL, 2R L. 2
T1.2mM VI — VEEE W TUBOME 2175 72,

'0s, ONOO™ KT Oy 12DV T b MK D MiE! 2 47\,
BN S % Table 112/R0L72. 25D ROS 2
9 HHEREMERTIE, 230 mm (RAIE 0.9 H 5wk
L1 HTOWEICHY) ORIEI A VERH I EEICRK
D CL, b7,

K FIA L, 1 RAEOUERHA 1 DN EEL, 2D
CI, DY & LIE I BT 245 B I #E R 72 (RSD)
TZhEN45% ("OH, n=5), 25% ('0y, n=5),
1.8% (ONOO™, n=5) Jk12.0% (0O,", n=5) Th
0, BHEPOEELRMESTETH 72, TN EHFE
SOSLARTHRE L 72AbS 500 2 RIH $ 5 8 v F35 & ks
bE, ToOWERE (8 250/88) ROHE (f10%)
BFEhZFhGHEIRTWRY, B2 1 BRofllE s hE %
WRIEBEH1/10 1WA B ZEDTE, HFEEICLER
T2, Choi HI1E FIA- VI ) — UL3FREEEZHIWT 7
TR A FEOPIELREZ M L, BIROKBIEOE D
RALREICHR S BB L TWAZ EZHE LAY, LarLah
& HoOo \CH$ 2 PIALEED A ZFHITE 27217 TH Y
RETIEAERICEES 2 4 Fid ROS O FEFFAlI 237 fE
Tholz. Y= vy WL V2 Ta  iEllonty
RUIEFRIEA 4 R0, OHERMEZEHMEL TS
DHRTIH D', Sariahmetoglu 513 FIA-V 3/ — VAL
BHBENCL DB AT I =205 FHO ROS HLREZ #H L
TWaY, LA LFy ) 7 =M ORBEE ORI
5.0ml/min £ %<, ZEOREVPLETH 5.

32 JRIUBFHEPRORY 7 2/ —IVEOEME
FRIEHEREDAIE

RICAKFIA Y AT A &R T F o7 73 W K Ot
FWMRY) 72/ —)VHEO ROS M ZAERIE @M L 7.
K7/ —VHEIZ002~2mg/ml & 7225 X HFREL,
FBE L 7.

¥4, OHWEREEMEL/ZEIT A, GSE LUKRY 7
= /) — VOISR R E OB, WA LT
Wo 7z (Fig. 2-A). 280 GSE w31 it L 7z ikt
DONT, TREOIBILEHZR L. K 72/ —)VH
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Fig. 3 Quenching effects of GSEs and polyphenolics
against ONOO  (A) and O, (B)

Sample concentrations: 0.031 ~ 1.0 pg/assay. FIA
conditions were shown in Experimentals.
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Blank Blank
A) (B)
0.031
0.031
0.063 0.063
0.13
0.25
gttt 0.50 d
4 min 4 min

Fig. 4 Recorder responses of cyanidin against “OH
(A) and ONOO  (B)

The numbers above peaks showed the sample concen-
trations (Ug/assay). FIA conditions were shown in
Experimentals.

Table 2 ECs of GSEs, chalcone, flavonoids and trans-resveratrol against ROS

ECs, mean * SD ng/assay (n = 3)

Sample - . - -
OH O, ONOO O

GSE A 140 £ 30 * 285 £ 34 365 * 24
GSE B 71 +4 210 £ 10 87 =11 164 =10
chalcone * * * *
pelargonidin 140 = 14 263 £ 14 49 +8 179 £ 16
cyanidin 50 £ 4 148 £ 8 36+ 4 95 £8
delphinidin 36+ 4 926 33t4 36 4
trans-resveratrol 53*3 64 *5 49 =4 123 £ 14

* > 1000 ng/assay

HFTIETNVT 4 =0 VTR DBWIHERDEASNTA, 7
VI Y TiE, 1 ug/assay Z W26 TH 20% LT OH
ERLPRE ol RO, HEMEEZMEL 72
(Fig. 2-B). ZO#E%E, GSE A 13 B IZl~2 & Zodit
ER A 572, 2L AR O — L TRV 'O, 1
LRV A BN, ONOO ™ {HZERE (Fig. 3-A) X, 77
4 =TV THRDE ONOO {HERED A DNz, 2 flif
D GSEIZZ T THHMILER 2R L7228, ZoETIE
GSE A< GSE B TH -7z, Fig. 3-BiX O, HEREONWE
WHRERLTBY, GSEZHREOIBALIEH 2R L,
ZDEF I GSE ASGSE B THh-o7z. K7/ — )V
TETNT 4 =2V Y HPIRROWHEEREE /R L7, Fig. 4
X, "OH 1" ONOO /T2 ¥ 7 =T Y DiEiE % il
ELZBOLa—F—L ARV AZRLTWVE, ZhbHD
M-SRz IS, 75 v 73806% 50% (b 84
DL EBIE Y ECy e LTERETREN L 7

(Table 2). GSE A @ 'O HERERL IV Y D 4 FED
ROS {H 28k, SHEIE L2 v FVIBREICBWTHE
B ECs M2 BT A I EMNTE LD 572, GSEA
? ECs fli1Z 140~ 365 ng/assay TH 0, GSE B & 71~
210 ng/assay & £ DEIZIRHHIZ KA. RK) 7=/ —N
BHICHLTIZ'0sTIE, LART ba— b im<,
"OH, ONOO™ R0, TlE, TNV7 4=V Uk d ik
Motz I LNy FHo RS L SR ok Rz it
Byhe, TVNY T2V VR{EEWIZL S OH KD
0, DHERIEE, wIFhd, TV74 =T 0>y 7=
YORINITZY VORISR WHERERL R L TW
7oo Ny FHETO O, 18T 5 ECs X >12 pg/assay
(RFINVIT=Y V), 29 ug/assay (¥ 7=V ) R10.6
ug/assay (FV74 =3 >) Th, FIAEOMREL Rz
5> TWwz, ZHIEIESRNTO ROS OFEWICE S L F
ANz, —J, Wood 5137 KBl K OBz i o



o HUH, g, 3o, g, M, B FIA-V X — WAREROERRINIC X B TGV SR 2k o BT 935

PURALIENC 3 % pH O5E8 % O, HER L IHEICH
RV, 75K 4 FEOTIEBLE O R S 3R
(pH 2.5) <K< 7 V7 ) i (pH 8.0) & 7 A I %2 /”§
EHE LTV D, SN RIILT LY 2o
—HLTBSHT, L ROS & DORILHEDEN D EET
5D EHEFEI N,

4 #E =

FIA- )V 3 ) — WL 30 X 5 7 B o fl1- il i
WrrEnCEIThA I Vay, RFGNIT=V v, Y 7=Y
Y, FNVTA T YRV ANRT b —IZ k5 ROSH
FEEARWE L7z, S WIS L7z FIA B fiifE, mdfihr-o
I ROS BB ESWEETH ), EBROFREEME AN
BRI S SR Th o 7. T RO T
¥ (GSE A ® 'O, # <) ® ROSHEREIE, FNICEH
INDZRY) 72— VEEIRICZENZNEC, EZRHINL,
ST e TER. T2, & ROSHERENEICMT
LIBTF— 513, ROV AT LA 2MAEGDEDL I LT,
1 FORBHEAZ L Y B0 ROSHE R REZ BT e % &
AT DOWEEIHELDODDEEZS.
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Flow Injection Analysis with Luminol Chemiluminescence Detection for
Evaluation of Quenching Effects of Grape Seed Extracts and
Polyphenolics against Reactive Oxygen Species
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A simple and rapid FIA method for measurement of quenching effects of grape seed extracts
and polyphenolics against reactive oxygen species (ROS) was developed. This method is based
on the determination of luminol chemiluminescence generated with ROS such as hydroxyl radi-
cal (*OH), singlet oxygen ('0y), peroxynitrite (ONOO ) and superoxide anion (O; ). More
than 1 sample/min could be measured with satisfactory precision. The total reagent amount in
this method could be reduced to one tenth of that for our previous batch method. The grape
seed extracts A and B were successfully evaluated by the proposed method. The ECs of cyani-
din as a representative polyphenolic against *OH, 10y, ONOO" and O, were 50 * 4, 148 = 8,
36 = 4, and 95 * 8 ng/assay (n = 3), respectively. Except for chalcone, the other polyphenolics
such as pelargonidin, delphinidin and #rans-resveratrol also showed the high quenching effects
against ROS.

Keywords : flow injection analysis; chemiluminescent assay; grape seed extract; polyphenolics;
reactive oxygen species.



