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[ Summary ]

The enzyme superoxide dismutase (SOD) catalyses the breakdown of superoxide anion
(O,") and provides the first line of defense against oxygen toxicity. The activity and
the assay techniques are associated with diverse fields such as medicine, biochemis-
try, plant physiology and food chemistry. During the past decades, various assay meth-
ods of SOD have been developed. However, those methods have some drawbacks
in the selectivity, rapidity, cost or convenience. Recently, we found that novel water-
soluble tetrazolium salts such as XTT, WST-1 and WST-8 are suitable for the detec-
tion of O,” and applicable to the assay of SOD. Among them, WST-1 appears to be
most promising for the SOD assay in the sensitivity, low absorbance of the oxidized
form and the solubility against water. The SOD assay method based on the use of
WST-1 could be applied to practical biochemical samples such as erythrocytes, liver
and heart from rats. A novel flow injection assay system for SOD was also developed
using WST-1. In the system, a rapid assay (sampling frequency=30 samples/h) was
achieved.
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Fig. 1 Structures of tetrazolium salts used in SOD assay.
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Fig. 2 SOD inhibition curves using NBT (e ) and XTT (o ). The reaction
mixture contained 2.5 ml of 50 mM carbonate buffer (B, pH 9.4; C,
10.2) or 50 mM phosphate buffer (A, pH 8.0) and 0.1 ml each of 3
mM EDTA, 3 mM xanthine, 56.1 mU/ml xanthine oxidase, 0.75 mM
XTT or NBT, and sample solution containing SOD at the concen-
tration shown at abscissa. In the NBT method, 0.1 ml of BSA was
also added.
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Fig. 3 Time course of the reduction of NBT and XTT during the oxidation
of glucose by glucose oxidase. The assay mixture (2.8 ml) con-
tained the following components as the final concentration: 50 mM
glycine-NaOH (pH 9.5), 0.1 mM glucose, and 0.1 mM NBT (e ),
0.1 mM XTT (O) or 0.2 mM XTT (o ). The reaction was initiated
by the addition of glucose oxidase solution. The absorbance at 470
(XTT) or 560 nm (NBT) was monitored at 250 .
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Fig. 4 Relationship between SOD activity in rabbit erythrocytes obtained
by XTT and NBT methods.
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Fig. 5 SOD inhibition curves using the WST-1 (e ) and WST-8 (o ) sys-
tems. The reaction mixture contained 2.5 ml of a phosphate buffer
(A, pH 8.0) or 50 mM carbonate buffer (B, pH 9.4; C, pH 10.2) and
0.1 ml of 3 mM EDTA, 3 mM xanthine, 58 mU/ml of xanthine oxi-
dase, 0.75 mM WST and the sample solution containing SOD at
the concentration shown on the abscissa.
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Fig. 6 Time course of the reduction of NBT and WST during the oxidation
of glucose by glucose oxidase. The assay conditions were same as
those in Fig. 3. The assay mixture contained 0.1 mM NBT (m ), 0.2
mM WST-1 (e ) or 0.2 mM WST-8 (o ). The absorbance at 438
(WST-1), 460 (WST-8) or 560 nm (NBT) was monitored at 250 .
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Fig. 9 Relationship between SOD activity in rabbit erythrocytes obtained
by NBT method and WST-1-FIA method.
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Chart 1 Determination of Glyoxal, Methylglyoxal, Diacetyl,
and 2,3-Pentanedione in Fermented Foods

Food (yoghurt, beer or wine) ca.0.1gor0.1ml

MeOH 5.0ml
Centrifuge at 1000g for 5min

Supernatant 100pl
7.0mmol/l DMB solution (0.2mol/l -mercaptoethanol 0.25mol/l Na,5,0,) ~ 1004l

Warm at 600 for 40min
Apply onto HPLC(10ul)

HPLC conditions
Column : L-Column ODS(100X4mm i.d.;5um)

Mobile phase : CH,CN-0.5M CH,COONH,(35:65,v/v)
Flow-rate : 1.0ml/min
Fluorescence detection : Ex.350nm;Em.390nm

~o
%
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>
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5 X
N | xa7a'g

[ T T T T [ T T T T
0 10 20 o 10 20
Time(min) Time(min)

Fig. 4 ChromatogrEmS obtained with (A) yoghtut and (B) beer. Peaks :
1 = glyoxal: 2 = methylglyoxal, 3 = diacetyl: 4 = 2,3-pentanedione
;5 =DMB ; 6 = unidentified endogenous compound.
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Chart 2 Determination of Methylglyoxal in Mouse Blood
Blood 5ul
Water 100ul
Ultrafiltrate through a Centricon 30 ultrafilter(1500g,20min)

Filtrate(blood sample) 50ul
7.0mmol/l DMB solution(1.0mol/l -mercaptoethanol, 28mmol/l Na,0,) 50l

Warm at 600 for 40min
Apply onto HPLC(10ul)

HPLC conditions

Column:Radial-Pak cartridge C,,(100X8mm i.d,;5um)
Mobile phase : MeOH-CH,CN-40mmalll phosphate buffer(pH 7.0)(44:7:49,ulv)
Flow-rate:1.0ml/min

Fluorescence detection : Ex.355nm;Em.393nm

Detector response

4

J 3

| U L
I N — I N —)
0 4 812 0 4 8 12

Retention time(min)
Fig.5 Chromatograms obtained with (A) a standard solution
and (B) mouse blood. Peaks: 1 = methylglyoxal ; 2 = DMB ;
3 = glyoxal ; 4 = unidentified endogenous compound.
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Chart 3 Determination of 63-Hydroxycortisol and cortisol in urine

Urine
Centrifuge at 1000g for 30min

Supernatant Imi
5umol/l Fludrocortisone(F-E;l.S.) 200l
Ethyl acetate 6mi

Vortex-mix for ca.3min

Organic layer
Wash with 1mol/l NaOH(1 ml)and ultra pure water (2ml)
Centrifuge at 1000g for ca. 3min

Supernatant (Organic layer) 4.5ml
Evaporate to dryness under N, gas

MeOH 100pl
39 mM CH,COOCu(ll) 20ul
Stand at room temperature for 1 h

Lmg/ml DMB solution (50ul/ml B-mercaptoethanol, 50mg/ml Na,S,0,) 100ul

Warm at 600 for 40min

Apply onto HPLC(10ul)

HPLC conditions

Column:L-Column ODS(250X4.6mmi.d.;5um)

Mobile phase:MeOH-CH,CN-0.5M CH_,COONH (gradient
elution)

Flow-rate:1.0ml/min

Fluorescence detection:Ex.350nm;Em.390nm
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Fig. 6 Chromatograms obtained with (A) standard steroids, (B) human
urine, and (C)monkey urine. Peaks : 1 = 6B-OHF ; 2 =F-E ; 3 =F ;
4 =unknown urinary component : 5 = cortisone ; others = reagent
blank components.
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1. M. Yamaguchi, J. Ishida,Z.Xuan O Xuan, M. Nakamura, T. Yoshitake,
J.Liquid Chromatogr., 17,2030 19940 .

2. M. Yamaguchi, S. Hara, M.Nakamura, J.Chromatogr., 221,163(1989).

3. S.Inoue, M.Inokuma, T.Harada, Y. Shibutani, T. Yoshitake, B. Charles,
J. Ishida, M. Yamaguchi, J.Chromatogr.B,661,150 1994).
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1) K. Yagi, Methods Enzymol., 105, 328 - 331 (1984).

2) K. Akasaka,T. Suzuki, H. Ohrui and H. Meguro, Anal Lett., 20, 731-
745, 797-807(1987).

3) Y. Okimoto, A. Watanabe, E. Niki, T.Yamashita and N. Noguchi, FEBS
Lett., 474,137-140(2000).
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1) Joseph E. Saavedra, Garry J. Southan, Keith M. Davies, Anders Lundell, Chris
Markou, Stephen R. Hanson, Christophe Adrie, William E. Hurford, Warren M.
Zapol, Larry K. Keefer, J. Med. Chem., 39, 4361(1996).

2) Adric C, Hirani WM, Holzmann A, Keefer L, Zapol WM, Hurhord WE, Anesthesi-
ology, 88(1), 190(1998).

3) Chen C, Hanson SR, Keefer LK, Saavedra JE, Davies KM, Hutsell TC, Hughes
JD,Ku DN, Lumsden AB, J. Surg. Res. , 67(1), 26(1997).

4) Pluta RM, Oldfield EH, Boock RJ, J. Neurosurg. , 87(5), 746(1997).

5) Champion HC, Bivalacque TJ, Wang R, Kadowitz PJ, Keefer LK, Saavedra JE,
Hrabie JA, Doherty PC, Hellstrom WJ, J. Urol. , 161(6), 2013(1999).

6) Joseph E. Saavedra, Timothy R. Billiar, Debra L. Williams, Young-Myeong Kim,
Simon C. Watkins, Larry K. Keefer, J. Med. Chem., 40(13), 1947(1997).
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