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X9 AHEHEROFMEEZHEL, ChaxTRo 7 FyBETHESRUZNSICETNLI LML TN S

RY 72— )VEISHERL7.

erax>s U500 (COH), —BHEBE (0, —FFTF AL FF1 L

(ONOO ) BRUA=N—=FF L F7 24> (0y) FDOROS LI =V EDFUSIC & - THEL B IL%%
HITH LT, MRILWHSEAROBRMZ L 2MPFEE ROSTHEREE L. RFIA VAT A1, 1 Bikz

LUICHIETTRETH D, £ ROSIIBIT 5, MMILYWEE

A RBMED T T > 7 BIOREED B

WCThosz HNEERFEZE<45%, n=5). HE-FKSHBEIrOBEH LY T2V VD ECE (n=3) i
ZTNZN 50+ 4 ng/assay ("OH), 148 =8 ('0Oy), 364 (ONOO ) K1*95%8 (0;) Thol:. AL
AVEBRLRG VTV Y, FUTAZV U RPLARTG O —LEORY 7+ ) — LHE D ROSIZHT 5

BRWHRREZ R L7z,

1 % E

WA, FHROEEAOBLIET DAY, MDA
PR S OFBIUC L DR E PHIL L9 & v kA
BREANRENTETWS., Z2ORTHHEILED 2 Wi
THPEBRFM (reactive oxygen species, ROS) {HEHEE A
THREaDHVIIHEMPANER 2 LD THBY, ZhH
W, ZTONEEERETLLO0PELETWMENTYS. Bl
REPHI D SHBILEH A AT A EAMOENTNE T K
o IR S O RIRFIRALW &, BERTmpevbw 3
EEREME LTE MBI > Twa", koTZh
5 O S EHE o U B 0D 7= 0 o 4 220 TG 2 DU L BRI
EHEDOREVPEETN TS,

IHETICRGHOMBY D 5\ EZE DR OFRILEE %
Ml 5 HERBES CRESATWEY. BT ALY VB
14 5,5-dimethyl-1-pyrroline-N-oxide SO A ¥ h 5 v 7
AleMfwbZeicky, 5Y7MHELBIRGICPET 2 2
EHTEL. TR YERPTORY) 72/ —VEHD T
U VARBE R BEIT B L ST B B, 2727 Y

" RIS K 2R ERRE ER A TT R R E R 2 EI . 852- 8521
e UL R T ST 1- 14

PSSR AR L2 Vs — . 997-8502 A4Sl
RrIETH A E X W8 R 1000

T, 7R T L ROS L REDBIS S hfe.

— I VhNVEEAEREL LT 2,2-diphenyl-1-picrylhydrazyl
hydrate % fiv: 5 7 F o fEFHHY O 5 ¥ H Vi aE Rl E
B TIRFF NN Y - VBB L AR T2 ) = VOR
7 B HF it o HuE ikl & S 2s i 2 hTw
5. —7, W3/ —*R 2methyl-6-(p-methoxyphenyl)-
3,7-dihydroimidazo[1 ,2-a]pyrazin-3-one Z w25t
EbMEEINTVE. ZhICLY, Yu7a— %07«
7 — VAR, 798 —VEY, EHERITOR
BB RO RAT b= P OHBLREASHE S LTV 5.
EHOFINTTIIVI ) —ERFREEEZ VN y F
HIZE % ROSHERNEEZHREL, ERLE Z20MRH
W', RN TH B KEED B VIZFEkBEE T - X<
U RORRE G ICERLTE L. LaL,
Ny FRIIE AN OBBE L WEE TH 5205, —BKHE
DIzOIZHBNL EORE L WERMEZLELE L, HBED
THTRVREOMBENEAE LTS, i, ¥Y—Fr v v
TNA Vs Y ay-vI ) = ALEREGHTEIC L S
ROSHEROPEEN SN, chi<wrFEy 3
YHT) AL N O—HIEBRHEROFAMIEHA TS &
MTEZY. LALINSDHEIZMME, HEiTidd 525,
W B il CHME R B A L E T 5 4 Lo MEN
ZEHELTWS,

AR TIE, WERELRCRERIZEN-70—4 VT

NI | -El ectronic Library Service



The Japan Society for Analytical

Chemi stry

932 BUNSEKI

=7 v a vt (FIA) -V ) — VEERERRBIC L 5
ROS I EREDMEEZMLL, ZEEHTNID 5V
BH7) AL MCEHATLZEZHBELTVWS, WRE
%5 ROSIZIZF FuFxy Vs 0 (COH), —EHIHME
('0y), "=FFTF A4 FF4 b+ (ONOO™) RUA—/%
—FF T RFT=F Y (0) BHWA. SHIIPERLEE
LLT, RO T FyM B EEnSIZETNE AL
IVRORY) 72 )= VEH (RFNVI=PV Y, VTV,
FNTAL4ZT Y RPLARS fa—)b) #HWT, %
ROS \ZH9 2 {HZRE & ME L7z,
2 BR

2-1 3 E
FHUFUAFIF—FE (XOD, NF—3I V7 HE),
H,0: (30%), FeCly, NaNOy ZHDEHMIER 2 H w7z, &
Nay, RogyI=IJy, PFTZIVIRETFNTL =T
7 FavEEHWA, LI =, EERFYUF U
(HX), NaBr, YIZFL ¥ b7 IRy 7EE (DETA-
PAC) 7 bRV FFT ¥ —¥ (LPO) RUMTF Y ZX-L
AT b =)L Sigma (St Louis, MO, USA) #%&Hw»
7. ZOMOREIT TG FFHRE Az, KiE Aquarius
GSR-500 HEVEMEER (T RNV Ty 78) IZTHEE L
b O EEBIER L.

Injection volume, 100 pl

ENORSE 7]
RC

N w1 AN

Waste

Carrier solution Reagent solution

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

P: Pump; I: injector; M: T-joint mixing; RC: reac-
tion coil; D: CL detector; RE: recorder
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EBICHATHRO 7 My EFHNY (grape seed
extract, GSE) A RO BIE=ZZ#LENOAFELL. IbH
DOMEIH 5 VLR ) 7 2 - VB EY RREIC R A X
ATVAFNVANEF Y F (DMSO) THML {"OH O¥
BRIV AFVENVLATIF (DMP)}, #E T -10C T

PRAEL 7.

2:2 JA—AT Va3 I ATL
BFEFELMWEWCHCIFIAV AT LADTAT T 0%
Fig. 1IZRT. AV AT AEF v ) 7 — Bl MU ROS 5
OB EEELRZABBEWZERT S 2HD LC-6A R
HPLC AR v 7 (BEBENRR), LAy 4 871258
4> Y227 %— (Cotati, CA, USA), 825-CL EMLZEFHMk
e (HAEHE) ROTR61 BGEEHRT (BELERE) »
LA, ¥ ) 7Bl E REER E RAE, ik
EBLETORGIA MIE, 230mm ('O, ONOO KT
0, ) KU'1200mm (COH) o7 7uy#aqfn (¢0.25
mm) Mz, HWEHEARE 100 ul & L7z, % ROSTH
FHEMEICH W23 % U 7 — B CREE R ORI K Y
FNHDOFEZ Table 1127,

2:3 FAFEROFAR

% ROS HERZWET 5 20O RBBERIE L TIORT
P L DL 72, ["OH] HLE LA/ DMF iE 5 pl,
1L2mM VY — /) YRR (100 mM, pH8.3)
B 0.1% Hy0u/ ) v IR, & 500 pl % A BRAE
(012 x75mm) ZMA, ML, 37C, 105H1 ¥ Fa
N—bLdOZRAEHERE L. ['0.) HERILR
¥ /DMSO B 6 pl 12 0.1% H.O./ M IEZE (100
mM, pH4.5), 80 mM NaBr/F:EEIEMREEE M O 0.1 mM
W3 =/ REERERR T A F N E N 400 plm A, AR
37C, 10004 v Fax—FL, ThEREHARSE L7,
[ONOO ™| HiMe {3k /DMSO ¥ 5 pl, 1.2 mM V3 /
— /) YEEMEAREW (100 mM, pH 8.3) KU0.1%
H.O,/ V) ¥ EEHAR M, 4% 500 pl ZRAIL, 37C, 104
BiA Y FaxR—=FLzbOxREHER S L7z, [0y ] PUE

FIA conditions for carrier and reagent solutions of the proposed method

Reagent solution

Table 1
ROS Carrier solution
"OH 100 mM phosphate buffer (pH 7.4)
Flow rate: 0.5 ml min~'
'Oy 100 mM acetate buffer (pH 4.5)
Flow rate: 0.5 ml min '
ONOO ™ 100 mM phosphate buffer (pH 8.3)

Flow rate: 0.4 ml min '

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

100 uM FeCl; and 4 mM DETAPAC/ phosphate buffer
Flow rate: 0.3 ml min '

10 ug/ml LPO/acetate buffer
Flow rate: 0.1 mlmin '

2 mM NaNOy/phosphate buffer
Flow rate: 0.4 ml min~’

1 mM HX/phosphate bufter
Flow rate: 0.1 ml min '
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Quenching effect, %

0 02 04 06 08 1 1.2
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Fig. 2 Quenching effects of GSEs and polyphenolics

against “OH (A) and 'O; (B)

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

1L /DMSO ¥ 5 ul, 0.05 unit/ml XOD/ ) ~ BRI
i (100 mM, pH8.3) KT 1.2mM VI =/ VB
WA, % 500 W % {E|FH%E 37C, 10 5HA ¥ F2x—
ML7zb 0% HEHER E L7,

2-4 ROS HEREDAIE

ROS HEHEIL, MEBRILEAR % & F v (DMSO, DMF
DA HBEOLFIRRE (K—2F, CL) o987
%, Clo 5 HIERILARHRIRE DL FFOEE (Y -7 &,
CD) ZELB|WAMEDOEIEG L LTEBLTWS., F/2Cl,
% 50% HETHIGEOFERELHE-Sli#r o8
HL, ECoflE L7z (n=3)

3 HERRUEE

3°1 FIA &4

K ROSHFEIMED 2D, Fx U7 —HH, ABWEKR
OFE, MEIAVERTVI ) —VIBEOD FIA /O
RBE(LEIT - 72,

9, OH I T AHEERBMEEIZBVT, Fx 7T
—BEDOTERD CL 125 2 5 BB OV TR % 1T - 7.
0.5~1.2ml/min OH#PATHUELZEZ A, 0.4~0.7
ml/min TIIZ—ED Cl, £/~ L, 0.8 ml/min BT
L7z, 22 TUHOWENIZIE 05 ml/min ZJHWBEZ LI
L7z, R, ABBHOREISBEEICS 2 5 B8
WTHHEZiT-72. 0.1 ~05ml/min O#ETHlE L2 &

I, g, s, Fig, BH, BB FIA- VI — WBEREBMREINIC X 5 ik EE R 258 o 5Hil 933

2%, 0.3ml/min ¥ TREED EFIZHEY, CL OB
Hgsh/, 22T, mADCL #/R L7 0.3 ml/min
FBIRL7:. RIPGIANVRI OB RIT-72. RIS
AN, BE02mm DAT Y LVAAF—NVEHOL D%
M., Zo#FR, £E%120mm (BE 04 B ToORE
CHY) CTRADCL #RL, F0%, a4 VOER

LI CL IR L7z, BIBICV I — VIBEEOILEREN
HMEIZG R AHEBIZOVTHRFAZITo7/7. 0.1 mM 25
omM OHPHTHELZE A, BEOERERIZCL B
FHL, ImM B ETHRRP2—EDCL ZRL7Z. &2
T1.2mM V3 ) — VB2 A TUBORE 21T 72,

'0y, ONOO KT Oy i22 W T & MEOME 247\,
BoNESMN% Table 112R LA, 2SO ROS IS
T HHEEEERTIE, 230 mm (BAIE 0.9 5k
LI TOREIIMHY) OS2V EHCZEEITRK
D CL BELNTZ.

A FIA 1%, 1 BAEOWEREA 1 5N EFEL, D
ClL, O# Y K LUHEZIC B 2 BB ITHEEFEZE (RSD)
TENEN45% (COH, n=5), 25% ('0s, n=5),
1.8% (ONOO™, n=5) k1¥2.0% (O, n=5) TH
H, REPOBBELMEFTHETH-72. IO EHFE
5 ASLARTER Y L2 b33t a2 IR 3 5 8y S & T
3L, ToMERE (B 24 /&8 RUEE (8 10%)
BREREFREES N TWY, BI2 1 BRolEICBnE s
MARBBRZH /10BN TE, BERIZLER
T/, Choi HIZFIA-V I ) — ALFEREEEEZ VT
SR A4 FEOPIEBRLEZ L, BIROKELZOEIH
ALRBICRS BB L TWA I EZWME LR, LaLZh
1d HoOo KT 2 HIBEILIED A R FHECTE 57217 CTH D,
AETIHERICHEET S 4 O ROS OE R EEFEAM AT 88
Tholz. V= ovixnAryIzrva FEilonTd
REIWRIBEA 4 ¥ ROy DEERUEEEZHIEL TV
DHRTH A, Sariahmetoglu S 1% FIA- IV I J — VL&
BRHEICLBE AT b= v 05 EEO ROSTHERELZBE L
TwBY, L L¥xy ) 7 — BBk CRERR ORI
5.0 ml/min £ %<, ZEORENLETH 5.

32 TROUETHEHROFR) T ./ —IILEOEMER
REHEEOHE

RICEFIA VAT 22RO T Ny 573l 3 & 0%
KW ERY 72/ —NVED ROSHERENEICER L /2.
RY 72— VHIZ002~2mg/ml &5 X HBEL,
EERICHE L 7.

9, OHMERAWELZE T A, GSE RUEY 7
= /= VEOR R AAREOB Iy, WA LT
w7z (Fig. 2-A). 2fED GSE i3I d BaEt L72H
OWT, PREOHBRIUEREZR L. R 72/ —VH
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120 GSE A Blank Blank
——
100 ~GSEB A) (B)
80 -= chalcone
o\° 60 —o- pelargonidin
o 40 -+-cyanidin
Q -o- delphinidin 0.031
&D 20 —a-resveratrol 0.031
) 0 g ‘
o) 220 02 04 06 08 1 12
:_g 0.063
& 120 - (B)
S w00l g 0.13
80 :
o 60 0.25 L‘
40 i 0.50 |
& e -
23 i A ) ) 4 min 4 min

0 02 04 06 08 1 12 14

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.

Sample, pg/assay

Fig. 3 Quenching effects of GSEs and polyphenolics
against ONOO (A) and O, (B)

Sample concentrations: 0.031~1.0 ug/assay.
conditions were shown in Experimentals.

FIA

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

ECsy, mean = SD ng/assay (n = 3)

Sample - -
‘OH '0, ONOO~ (oN
GSE A 140 £ 30 * 285 *+ 34 365 + 24
GSE B 71+4 210 £ 10 87 =11 164 = 10
chalcone * * * *
pelargonidin 140 = 14 263 £ 14 498 179 £ 16
cyanidin 504 148 £ 8 36+4 95 = 8
delphinidin 36+ 4 92 =6 33+4 36 =4
trans-resveratrol h3+£3 64 %5 49 £ 4 123 * 14

* > 1000 ng/assay

(Table 2). GSEA® 'O, HFEHERTI VI YD 4D
ROS HZBEIL, MEIE LY v FIVEBEIZBVWTHEE

PTRETNT 4 =T Y TROBAHERYPALNIZD, &
Ny T, 1 pg/assay W 728G TH 20% LT O

ERLDPRE Rdh o7z, KIZ'O HEHE

WE L 7z

(Fig. 2-B). ZO#%E, GSE Al BIZHRZ L Z2ohiEEt
TERIZE A o7z, 420 AR bO— L TRLMV 'O,
KRV A LNz, ONOO HZEHE (Fig. 3-A) &, U7
42T Tikd B ONOO™ HERENAL N, 2 fEHH
D GSER I ZTHHBILMEM AR L7275, ZOMFIX
GSE A<GSE B Td 7. Fig. 3Bt Oy HEREOH &
HEZRLTBY, GSERTRECHBILENZRL,
ZONEFIE GSE AXGSE B Th o7z, K7/ —)VEH
TRFNVTIA =TV VP BRROBEEREZRLL. F

X, "OH RU'ONOO 124 567 =V v OiEEikEz il
FELZBOLA—=F—L ARV AZRLTWE, TR0
HaE-ROsisE &z, 79 7 8% 50% @A 8¢
PO ELEERT ECofiE LTENRFNREH L

ig. 4

e EG A BT 22 L3 TE RN -7, GSEA
D ECs ffilE 140 ~ 365 ng/assay TH Y, GSE B i 71 ~
210 ng/assay & Z DEIXAHRMIC KA. K72/ =)
BIHMLTIE 'O T, VAXRT bu— A RLM®L,
"OH, ONOO™ KU 0y TiE, FL7 4=V DR bl
Motz FBITHE LNy FHEOMRED L SROMRE
BynL, 7TV YTV RILEWICE S OH R
O, DWERIE, WTFNRd, FNT4 =V > T2V
YERINTZY YOMITECHERER LR LT
720 Ny FETD Oy 128 % ECso fHIZ >12 pg/assay
(RFNVT=P V), 29 pg/assay (Y7 =Y V) RUT0.6
ug/assay (FNV7 4 =T V) THY, FIATKOGERERE
S TWwWiz, THIFHERNTO ROSEOEWIZ LS LE
Z N7z —7, Wood Hix7 N HF L ORE T
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#w X AIE, e, w7, srMg, BH, PE  FIA-V I — RSO X 2 TR S 0k 0 A4 935

MEBRALERICH S % pH OB % O, HERZIBEICKR
ARV, 75K 4 FEOVIBRILIEO M S I ZERIEER
(pH 2.5) <K< 7NV )& (pHB.0) & &AM %ERT
EHE LTV, SIS SN RIILT L D FONEFL
—HLTESY, HEL ROS L ORI E NP HET
2bDEHEFINT.

FIA- )V 3/ — LSRRI L 5 7 F 7 T8
WEERIZEENZ ANV Y, RGVT=ZD Y, Y7oy
Y, FVTAZY U REPLANT PO —VIZ L5 ROS T
REeERAE Lz, SRR L FIA JU3fgifE, B#EH»o
FAMIIC ROS T HREMENTTRETH D, EROFERMELN
REMBMPDEOMETMICHHATH 7. 7 FyEFHh
W4 (GSE A®'0, K<) ® ROSHEREE, ZhicsH
FhER) 72/ - VEHEIZENZNEC R RILL,
FMT AL TE. T/, £ ROSHERBIEIZH T
BT — 5, BEOVATF A EMBEGLEL LT,
1 W OREEAC L ) B ROSHEREZ M ET R >
AT LOREIE IO D EERS.
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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, 'Oz, ONOO" and Os 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 trans-resveratrol also showed the high quenching effects
against ROS.

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