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Measurement of antioxidative activity against hypochlorite ion by sequential

injection analysis with luminol chemiluminescence detection
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A sequential injection analysis (SIA) with chemiluminescence detection for measuring the
antioxidative activity against hypochlorite ion was developed. The antioxidative activity was
expressed as the percentage inhibition of luminol chemiluminescence due to the scavenging of
hypochlorite ion by an antioxidant. Using a 50 mM borate buffer (pH 9.5) as a carrier, the SIA
system was optimized with respect to the reagent concentrations, volume and flow rates. The
SIA system could measure 3 samples within 4 min. The relative standard deviations of the
antioxidative activity for 2 nM ascorbic acid were 2.5% (within-day, n = 3) and 3.7% (between-
day, n = 3). Several antioxidants, such as ascorbic acid, a-tocopherol and Trolox, were success-
fully measured by the SIA system, and the relationships between their antioxidative activity and
the logarithm of concentrations of antioxidants were linear (r = 0.983 — 0.999). The proposed
SIA system was rapid, sensitive and reproducible with minimum consumption of the reagents,
and was thus useful for the rapid screening of antioxidants possessing antioxidative activity

against hypochlorite ion.
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Fig. 1 SIA system for antioxidant assay of hypochlo-
rite ion

SP: syringe pump; HC: holding coil (length: 1 m,
0.5 mm, i.d.); SV: selection valve; P: pump; D:
chemiluminescence detector, Int: integrator; PC:
personal computer; CS: carrier solution; R1: sodium
hypochlorite solution ; LS: Iuminol solution; S1: sam-
ple solution ; S2: DMSO solution
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BEANATDNTE DY, 1990 4F1C Ruzicka 512 & - THE
SNy =Ty A YT s Y a M (sequential
injection analysis, SIA) b ZNHDO—DTH2™. 71
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Table 1 Time program for antioxidant assay of

hypochlorite ion by SIA
Unit Command Flow r‘ati/ Volume/
ml min ul

Syringe pump Set position O

Syringe pump Aspirate 1.5 600
Syringe pump Set position I

Valve selection  Set position 4

Syringe pump Aspirate 0.4 20

Valve selection  Set position 3 (sample)
or

Set position 5 (blank)

Syringe pump Aspirate 0.4 5
Valve selection  Set position 6
Syringe pump Excrete 0.8 625

HEMLIC & 2 ABEHOBR, H3kom L Hffci 3
SHETH 5.

AUFFECIE, A A D I 2 KRR A A+ 2 RE
xR B, VI = LEFEICHED { SIA EDORFE
BATo . $72, WEELZZSIA VA7 A 2P E o
HEAEH L, ftkoNy FEDTV LR EIT - 72,

2 5 74

2:1 & &
ARIFZETHVZZ SIA ¥ A7 A OB % Fig. 11277,
SIA %121, ¥ ¥ VR Y7 Cavro XL 3000, 3k
AR >~ 7' Shimadzu LC-10AD vp, L 27 ¥ 3 YNV 7
Cavro Smart Valve, 1b22F8EMiHI2E: Shimadzu CLD-10A,
4 ¥ 77 L —% —: Shimadzu Chromatopac C-R8A % Hj\»
2. T, A=NVFa v raf iz, s rFa—7
(N 05mm, BE 1m) ZMHL7.

2-2 #H E

R, REMFEEES DY T ABER, 7T AINVE VR
WRDEAESE, KEEIEF - 7 A1E Merck, V3 — Vi
Sigma, a-FI 7T —=VIZFAHTA, tuay s Ak
Aldrich, Y AF IV ANVEF T F (DMSO) A1k &
DEEAL 7.

100 uM RHEEFEEE S b ) 7 LW REEFEBST MY
7 AR R 50 mM R v R (pH 9.5) TAML
PAELL 7.

200 UM NV 3 J —IViEHE: VI — v (F R A
7.96 mg %, 7K 200 ml \Z¥EME L CHBLL 72,

2:3 BAIEZRMG

Table 1 ICARSIAED Y 4 A 70T I L%ERT. Fv)
Y —HE LC 50 mM A 7 EREREE R (pH 9.5) 600 ul
VY UVIHESIT A, RIZ 100 pM KRR F Y
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Fig. 2 Effects of flow rate of carrier solution on
chemiluminescence intensity

LIEW CR— 1 4) 20ul, #AFO DMSO B (F— b 3)
HDHVIIZEREE LTDMSO ((R—1 5) 5ul KA —
VT4 7 AL VHICKREIT A, L7 ¥ a3 2N LT DR
— bR 6ICWHNER, YU CYIHNOF Y)Y — ik HE
W35, RISEEZEZ 200uM V3 ) —ViEik Gii: 1.0
ml/min) OWNOHIZFEAL, £ L HL¥FHGICHD
Y— 7 S8 %MlET 5.

KW FEEA 4 kI, UToRICk Vv EHRT 5.
CLIz — CLIs

KM FEERA 4+ VHERE (%) = X 100
CLI,
CLL, CLIs (2N ZNZRE, WEIEIC X ESh

HALSEFEIEIRE 7 3.
3 RIRKOEL

3.1 BIEFHFOREL

AEAREZ b WICEEL, v )Y —BROmR,
RUIEFEEEF N ) 7 A OB & OWEB AR 2 Mead L
7o. F7z, FOGHEISGEEE G5V —VERIZO W
THELE o7, WESRNORELE, RILWE%Z
& FE RV DMSO (ZEBR) % HWv i o N b5t
RIS Z, W, s m ) B LEE1T- 72
I+ BEAE AR 2 TR L7z,

311 FHUX—FBEDORE  Fr)V—HHREL
THW2 50 mM & 7 BRIEARER (pH 9.5) OHEHFLHEIZ
DWW THE(L%E1T -7 (Fig. 2). ##% 0.5~ 1.2 ml/min
O T Z1T-722 25, & 0.7~0.8 ml/min |2
BOWTHRKOENRENEONT, Lz2oT, FxUY
— O E X 0.8 ml/min & 7z,

3:1:2 JLI/—IIBHRDRBRERVREE L3R
WTHDNVI ) — VIEROUWEE R T OV TR L%
i1o7- (Fig. 3).

VI = VI 100~ 300 uM O HiPH T 2 17 - 72
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Fig. 3 Effects of (A) concentration and (B) flow rate
of luminol solution on chemiluminescence intensity

LZA, VI = VRIS L T TR A D § 7
2 A L7z {Fig. 3(A)}. 2 ZTlE, 200uM V3 J — )
Wi E W7z, VI — VRO E % 0.5~ 1.2 ml/min
O CTHET 217572 {Fig. 3(B)|. WEOMINIEVE
FINRED K& o 72hs, 0 R LUIEICB A5
MET L7z, Xo T, #i®miE 1.0 ml/min ZER L 7.

3:1:3 REEFREF b Y LBARDBRERVORS|FFE
KGR T D) 7 AR OWEE KOS AR IO W T
WAL %17 - 72 (Fig. 4).

REIFEFERT MY T L 50 ~ 200 uM O PH N T
BRI A, REEHEREF M) v L OREIK
F LT EmEED LA LAY, 0 ELAEICBITS
FEOIKTAA SN {Fig. 4(A)}. T2 TiE 100 uM %
FH L.

100 uM RIEIEFEEEF b VU 7 LBWZ VT, ZoOWH]
KRG DML IE BRI L 2 BB O W TR 21T - 72
{Fig. 4(B)}. MGt L7-#iPH 15~30 wl T, KuEHEME S
I A OW MR IC LB U 72 b2 5O0REE o A28
Blgshs, 22Tl 2o 23BN 7=,
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WEEITS>1BEDY 7 F IV L ARV A% Fig. 5I10RT.
YTFVLARYRIE, -7 ATNE VORI L

THA L7, ASIA BE, 40 DNT 3 ko Kl Filk
A F VHEERMEDS R TH - 7.
33 ¥ E

WEEE L 72 SIA O HIN B OV H BN B 5 8 K B
3) %, oM -7 A2 NVE YEERAEE L THW TR
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Fig. 4 Effects of (A) concentration and (B) volume
of sodium hypochlorite solution on chemilumines-
cence intensity
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(Table 2). HNKEHBEORFEL, HIHEERFZ (R.S.D.)

TENEN 25%, 3.8% L BRIFTH - 7-.

3.4 MEBMEYVEOREIERER A 4 > HEREAIE

Mesr L7l st it vy, ¥ I VHHTH L -7 ATV
U, a-ha7xzu—)V (¥ 3IVE) ROKBEED
a-FI 72— VIEERTHL Py 7 X (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid) @ XIEHF
A+ YRR E % 17> 72 (Table 3). 3FOPEILY
BOXMEREREA + VHERE, UL E ORE OB
CHEWEINL, a-b 27 20— <17 AIINVE VB
oy 7 ZADNIHMGRIEERRA F VI EESA LR
72, SHEOPIMALWE O XEHKIEA + 21T 5 1G5 fH
(FBAZ2RER D 50% DOFNMEE G 2 HEE) %25
W3 2720, SHOHRILWEOWRE (-7 A3 )VE VK.
20nM~200 uM, a-F I 7z —)b: 1pM~1mM, b
Ty 7 X: 0.6nM~20nM) & RIEREEA 4 56
OB ETER L7z, Z ORGSR, PURR LY E iR O x5
EORWERE A 4+ R, EHRYE (r=0.983 — 0.999)
ZRL, IC HZFNZEN, L7 AIVYE Uk 48x10°°
M, a-F 37z —)b: 48x10 'M, taavy 7 X
54%10 "M THo7z.

(A)
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©

RCI
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E
) )

d) E (min)

Fig. 5 Signal responses for (A) blank, (B) 20 nM, (C)
200 nM, (D) 2 uM, (E) 20 uM and (F) 200 uM 1r-ascor-
bic acid

Table 2 Reproducibility of antioxidative activity of L-ascorbic acid against hypochlorite ion

Antioxidative activity, %

Average S.D.” RS.D., %
1 2 3
Within-day (n = 3) 13.37 13.28 12.75 13.13 0.33 2.5
Between-day (n = 3) 12.17 13.13 12.71 12.67 0.48 3.8

Sample: 2 nM L-ascorbic acid; a) S.D.: standard deviation
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Table 3 Equations and ICs values for L-ascorbic acid,
a-tocopherol and Trolox against hypochlo-

Table 5 Comparison between SIA and batch meth-

ods on consumption of reagents and mea-

rite ion suring time
Antioxidant Equationd) r 1Cs0/M luminol NaOCl
L-ascorbic acid  y =11.21og (x) + 110 0.983 4.8x10°° SIA method
a-tocopherol  y=6.301og (x) + 70.9 0983 4.8x10 " concentration/uM 200 100
Trolox y=14.01log (x) + 166 0999 54x107° volume /il 1500 20
— — — - amount,/mol 3.0x1077 2.0x10"°
a) y = antioxidative activity, x = antioxidant concentration (M) . . .
measuring time/min 1.5
Batch method
concentration/uM 530 40
L. . volume /|l 900 300
Table 4 1Cs values for antioxidants obtained by SIA amount,/mol 48%10°7 1.9% 10"
and batch methods measuring time/min 11
SIA method Batch method
Antioxidant
1C50/M 1Cs0/M
L-ascorbic acid 48x10°° 20%x10°° i
or-tocopherol 48x10" 2.9x10 X [N
Trolox 5.4x10"° 42x10""

35 TEREEDHE

LGS L7z SIA S L, fERETH BNy FE VL
D E AT 7.

Table 412, Ny FERVSIABEIZBIT A -7 ATV
UME, o-b I 7= VRN RE T Y 7 AD [Cs fER IR
FLSIAER Oy FEIZ X DS N2 1, fEid VT hd,
- I T7za— > TAINEVE>S BTy 7 AD)E
WA L7z, F72, SIAEIC K WS ICs i, 2Ny
FHAZE DS NTZ IC D 107°~10 15 TH - 7-.

SIA H &Ny FIEIC X 5 BRI & WE R o Fei &
Table 512789 . SIA EORIEHE R IT/NN Y F 0K 0.17~
0.62 f5CH b, WERMIIW 014 ETHo72. HIZ, N
v FETORFEEIEZ mM LNV TH - 72985, SIAET
EnM~uM L RVDIRWBEFHIPICHETE 2 L) Fl
HEALTWw,

4 B

SIA - )V X/ — WAbE361T & % B bW’ E o K35
FWeA A VBB E L Z I Lie, fL L 7ol Sk
T, DU E oK HEFRNE A 4 I RRENE DS, M)
OEMEET, LAbPeWENER TR TH- /2. &
B, A=N—FFT FT7=F R —EHBESOMOWEM
P A e O SIAEZ AR T FETH 5.
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VI = bEsSb R I w7e, PURBIEWE ORMIEREE A 4 Y IHERIWED /DDy —Fr v vy v g Y
x 7 ¥ a Y5 (sequential injection analysis, SIA) % BIZE L7z, FIHZREIE, PURRALYE O REHFRR
AF PHEIZE DT BV I — LA ORPFIC L Y FH L7z, 50 mM & 7 BRIEEETH (pH 9.5)
X x X —ITH, WEERE, i, MRS OWTRELEI T 72, ASIAPEICE) L7 2Aa Ly
VB, a-baT7ou— VRO Ry 7 2AORMEEREA 4 CHRRRIEIIS Lz, #EE L SIA B,
SHARY 720 4 0 INTHIZETRETH D, 2nM -7 A TNV Y EROFHERENIEIZ BT 5 xR 241,
HNT25%, HMIT38% L RIFTHHo72 (n=3). KEITHAHE, SRELOEHETH Y, WERER K
CHRFEHEE D ERDO /Ny FFEITIARKIFITHAD Lz, KRSIA P, REEZERA 4 Y HERE AT 50U
BALWEORE LA ) ==V ZICHHATH 5.



