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Enzymatic methods for determining biogenic compounds are a key technology in quan-
tification of various analytes of clinical interest in the biomatrix and have found wide ap-
plication in clinical diagnosis due to their high selectivity and rapidity. The enzymes
employed for this purpose are primarily oxidases and dehydrogenases. Upon reacting
with target compounds, these enzymes produce hydrogen peroxide or NAD(P)H, amounts
of which are then determined by using oxidative or reductive chromogenic reagents, re-
spectively. In chromogenic reagents, the following properties are desirable: 1) a long
absorption wavelength, 2) strong resistance to interferences caused by various compounds
(such as bilirubin) in the biomatrix, 3) stability of the stock solutions for long-term stor-
age, 4) stability of the resulting dye, and 5) high water solubility. There have been no
conventional reagents so far that meet all of these criteria. In the effort to develop such
a compound, we recently synthesized the following new reagents for colorimetric enzyma-
tic determination. A series of oxidative chromogenic reagents, Bis-MAPS, do not require
any coupling reagents in the peroxidase-mediated oxidation reaction producing dyes that
absorb at —650 nm with a large molar absorptivity. New coupling reagents, NCP, give
a green color upon reaction with the aniline derivatives known as Trinder’s reagents.
Hydrogen donors, DADB, were found not to suffer from interference by bilirubin. As a
reductive chromogen for use in clinical diagnosis like LDH analysis, we have developed a
novel tetrazolium salt, WST-1, that produces a highly water soluble formazan dye.
WST-1 proved to be also valuable as a chromogenic indicator in cell proliferation assays
where MTT is used most widely.

Keywords : chromogen; hydrogen donor; bilirubin; coupler; tetrazolium salt.
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Table 1 Enzymatic determination of various compounds of clinical interest in biomatrix

Compound  Enzymatic system D:it;g:f n
Glucose Glucose oxidase-POD Hy0,
Hexokinase(glucokinase)-glucose-6-phosphate dehydrogenase NADPH
Glucose dehydrogenase NADH
Lactate Lactate dehydrogenase NADH
Lactate oxidase-POD H,O,
Pyruvate Lactatel dehydrogenase NADH |
Pyruvate oxidase-POD HyO,
NHjs Glutamate dehydrogenase NADH |
Urea Urease-glutamate dehydrogenase NADH |
Urate Uricase-POD H>O,
Uricase-catalase-formaldehyde dehydrogenase NADH
Creatinine Creatinine deiminase-glutamate dehydrogenase NADH |
Creqtininase-creatinase-superoxide dismutase-POD H>O,
Creatininase-creatinase-superoxide dismutase-formaldehyde dehydrogenase NADH
Creatininase-creatine kinase-pyruvate kinase-lactate dehydrogenase NADH |
Polyamine Acetylpolyamine amidohydrolase-putresine oxidase-POD H-0O,
Polyamine oxidase-POD H,0O,
Cholesterol Cholesterol oxidase-POD H,0,
Cholesterol dehydrogenase NADH
Triglyceride Lipoprotein lipase-glycerol kinase-glycerol-3-phosphate oxidase Hy0,
Lipoprotein lipase-glycerol kinase-pyruvate kinase-lactate dehydrogenase NADH |
Phospholipase Phospholipase D-POD H,0O,
Fatty acid Acyl CoA synthetase-acyl CoA oxidase-POD H,0.
Phosphorous  Purine nucleotide phosphorylase-xanthine oxidase-POD H,09
Sucrose phosphorylase-phosphoglucosemutase-glucose-6-phosphate dehydrogenase NADPH
Mg Hexokinase-glucose-6-phosphate dehydrogenase NADPH
Glycerol kinase-glycerol-3-phosphate oxidase-POD Hy09
Bilirubin Bilirubin oxidase-POD H,0,
Bile acid 3a-Steroid dehydrogenase NADH
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HsCO OCH;g H,CO OCH
POD "% 3
Hz0, + HgNNHz —— N FNH + 21,0
o-Dianisidine

Fig. 1 Reaction scheme for p-glucose quantita-
tion

Table 2 New Trinder’s reagents

R Re
R /R'
N N
\CH,CH,CH,SONa \CH,?HCH,so,Na
R R OH
PS derivative OS derivative
1 2 3 /zmax/ E/
Compound Abbr. R R R om X 10*
N-ethyl-N-sulfopropyl-m- ADPS  C,H; OCH; H 540 2.79
anisidine
N-ethyl-N-sulfopropylaniline ALPS CoHs H H 561 4.13
N-ethyl-N-sulfopropyl-3,5- DAPS C,Hs OCH; OCH; 590 1.77
dimethoxyaniline
N-sulfopropyl-3,5- HDAPS H OCHj OCH; 580 1.73
dimethoxyaniline
Nethyl-N-sulfopropyl-3,5- MAPS  C.H, CHs CHs 628 2.28
dimethylaniline
N-ethyl-N-sulfopropyl-m- TOPS  CoHs CH; H 550 3.74
toluidine
N-sulfopropylaniline HALPS H H H 554 3.10
NV-ethyl-N-(2-hydroxy-3sulfo- ADOS  CuHs OCH; H 542 2.72
propyl)-m-anisidine
N-ethyl-N-(2-hydroxy-3-sulfo- ALOS  CH, H H 565 5.02
propyl)aniline
N-ethyl-N-(2-hydroxy-3-sulfo-
propyl)-3,5-dimethoxyaniline DAGS CzHs OCHs OCH; 593 175
NV-(2-hydroxy-3-sulfopropyl)- HDAOS H OCH; OCH; 583 1.73
3,5-dimethoxyaniline
N-ethyl-N-(2-hydroxy-3-
sulfopropyl)-3,5- MAOS CoHs CHj3 CH; 630 2.25
dimethylaniline
N-ethyl-N-(2-hydroxy-3- TOOS  C,Hs CH;, H 555 3.92

sulfopropyl)-m-toluidine

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

114 BUNSEKI KAGAKU

BREOMEASERINS KO ILa s 1.

1) BOBAMTHBIRVIIVVRTHS.

9) TERRHICEBBEZFRT L, ARARONL
EHrdHb.

3) KEBEMHIZZ L.

IOk BREERFERYT B 2%, 1969 4, Trinder™®
X GOD-POD OEEERZH NS SV — ADERICE
L7 /= NWELTI/)TVvFEYY (4-AA) ZH
V), POD-H,0, DEALIZ & » THEE ZBILIICH v 7
Yy s, BERENCEBZROBNEZRAETAHEND
HiEEBERLUE. D 4-AA Z AT T—ICHWS A
MY v - E BIFIEN, BRICESTTOEE 2 FHR
KB ->TW5b., Z0%, KEHEHEELTT7 2/ —VD
Rboic7 =) vHEEEPHAVWSNSE LD IZEY, BT
Kiat, wEBESRELEZ MY S -FESBRREIN
120712 Fn o b)) v ¥ —RE%E Table 2 1KY

L L, —BEFRIEESFPERL TVLIRONT,
wrrcsMEsHTE . BRBERESENT2ICONTH
BLrES, HhHt, BREAPEREINTE LI LK
HEHIBLDTHB.

1) BEARE

92) BIFEIZEAWV 5N 5 500~600 nm DR TIXAEILMMR

AT L BERENHS.
3) CYNE Y REAKAKTEET S, BTYHEHOK
BEZTB.

TEHOMERE IR THETE LHEISDLE I SHEHFE
XhTVEV., IhH5ORESERRT 2720, HRLS
BiREREOEKETV, BM2LeYzR0WIZL
1z.

32 Bis[4-(N-alkyl-N -sulfopropyl) amino-2,6-di-
methylphenyl] methane (Bis-MAPS) #{s'>
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Ri1=R2=C]

Fig. 2 Synthesis of diaminodiphenylmethane de-
rivatives and the oxidative reaction
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R » G ) 0 Bis-MAPS C2(r=0.999)
N CH; N, @ Bis-MAPS C3(r=0.999)
NaO3S(H2C)zHoC CHo(CH2)280;Na O Bis-MAPS C4(r=0.999)

CHj HeC

BlS—MAPS C2 . R:CZHs
Bis-MAPS C3 : R=C3Hs
Bls-MAPS C4 : R=C,Hy

Fig. 3 Bis-MAPS derivatives

. Bis-MAPS-C2

. Bis-MAPS-C3

! Bis-MAPS-C4 2
. ALPS +4-Aminoantipyrine

: Phenol +4-Aminoantipyrine

(5 It

Absorbance

400 500 600

Wavelength/nm

Fig. 4 Absorption spectra of Bis-MAPS derivatives
in the oxidative condensation reactions

IR KB REZ#ES, ALPS-4AA D 2 2L 3 fEDORK
FE, X phenol-4AA & HET 3 &9 15 EORE 2
ZEDMTB. O Bis-MAPS Z W T BEELKEE
ZEETHE, ROEBRESBLS M, RE 0.1 uM LA
VECHRHTBETH S LS5 (Fig. 5).

Table 3 IT Bis-MAPS ORELREMD T — 5 #RT.
BRARILESITICB VTR, HE BB CAR
RECBELAB D, 2OMBEKERARE,F LFEL T1E
5578\, Table 3 ZEEOEZEERZ, ERFTH,
ERICRBLT, BEEHREOLAZRILLDTH S
2, WFNOEES 60 HEBRORLIZEEA LR
<, BERPOBHEHRERX, RIMOKELZI VI L
BohB. #-oT, RERBKBEEA —H—THD S
NTVLBEREDOBRIEABHIETE .

GOD ZHWT 7 Vva—AZRE LR % Fig. 6
WWRY. RAFEICES GOD NDHEDL 2 <, 0.1 mg/dl
LARVORRHEASREEETH B, X, b MIEZE 100 5D 1
HRRURIMU 2RI ER LR U 2.

0.6 1

Absorbance

Hydrogenperoxide/uM

Fig. 5 Standard curves of Bis-MAPS derivatives
for hydrogen peroxide at pH 5.5

A mixture of 30 pl of Bis-MAPS derivatives solution
(10mM) , 30wl of POD solution (3.3X10% U/ml)
and 30 ul of hydrogen peroxide solution (0.01~1
mM), was diluted to 3.0 ml with 50 mM MES buffer
solution (pH 5.5). After the solution had been in-
cubated at 37°C for 10 min , the absorbance at the
wavelength of maximum absorption was measured
against the reagent blank. ([J]): Bis-MAPS C2;
(@): Bis-MAPS C3; (O)Bis-MAPS C4

Table 3 Stability of Bis-MAPS derivatives

Variation of

Reagent absobance during Wavelength
60 days ( A4)
Bis-MAPS C2 0.001 647 nm
Bis-MAPS C3 0.015 649 nm
Bis-MAPS C4 0.019 651 nm

Bis-MAPS derivatives were dissolved in 50 mM
MES buffer solutions (pH 5.5) at a concentration of
100 uM. They were stored at 25°C for 60 days; the
absorbance at the wavelength of maximum absorp-
tion was measured against the reagent blank.
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1.0
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084 m Add 30 ul of human
serum (r =1.000)

Absorbance

T

0.00 0.25 0.50 0.75 1.00
Glucose/mg dl-1

Fig. 6 Standard curve of Bis-MAPS derivatives for
glucose at pH 6.0

A mixture of 30 ul of Bis-MAPS C2 solution (10
mM), 30 Wl of POD solution (3.3X10° U/ml), 30 ul
of GOD solution (3.3X10° U/ml), and 30 ul of glu-
cose solution (20 mg / dl~100 mg/dl ), was diluted
to 3.0 ml with 50 mM MES buffer solution (pH 6.0).
After the solution had been incubated at 37°C for 10
min, the absorbance at the wavelength of maximum
absorption was measured against the reagent blank.
@®: control; l: add 30 wl of human serum
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FHOuohslEbdsmn, TRALCYNVE Y OHEEZH
FEFBIE>TNEND, WESEOERIEE >
TWAH, VY NVE Y DOEEE O IZEREET 2 1 3ERK
REEA —H—DORXLREO—D2TH 5. FiIROE)
WYY OBLRIGIRRET FEEROA D =X 23 EK
BHREIC XA T s Vs, B bRaKRoBRI LY
Ve VST b EZFERY, BRI 2k, ¥
VNV E VIR T VILED S EWVH =D ORENE
25n520, 2P YL YOFBIERICETSE
BENREFH S0, Fig. 7 KRT{LEHEERL
fz. BALEMICRIFTE YN Y OFEZ Table 4 IZ
K.

FOMRR, EEBOBEHREEL LTI, A MFYENR

Vol. 45 (1996)

A B
HsC R?
R1
N. NM SOgNa
| —
H;C R®

1-1: R'= ~"SOzNa 2-1: R%=R3®=H

OH
1-2: R'=~50,Na 221 RZ=CHy,R%=H
1-3: R'=~~SO3Na  2-3: R2-R3 = CH,
.

1-4: R'=~~cooNa 2-4: R2=0OCH,, R®=H
5. ni_ OH
1-5: R =~~0OH 2-5: R2=R3= OCH3,

Fig. 7 Derivatives of hydrogen donor

Table 4 Interference of bilirubin with the oxidative
condensation at pH 7.0 of various Trin-
der’s reagents

zmax / Ratio of bilirubin
Bil—
nm

Compound Bil+ interference
(Bil—/Bil+ X 100)
1-1 628  0.208 0.158 76.0
1-2 630 0.205 0.148 72.2
1-3 626 - 0.194 0.160 82.5
1-4 621 0.191 0.140 , 73.3
1-5 630 0.173 0.129 74.6
2-1(ALPS) 561 0.317 0.250 78.9
2-2(TOPS) 555 0452 0.337 74.6
2-3(MAPS) 628 0.208 0.158 76.0
2-4(ADPS) 540  0.292 0.202 69.2
2-5(DAPS) 590 0.205 0.183 89.3

A mixture of 30 ul of hydrogen donor solution (10
mM), 30 pl of POD solution (3.3 X 10° U/ml), 30 ul
of 4-AA solution (10 mM) and 30 ul of bydrogen
peroxide solution (2 mM), was diluted to 3.0 ml with
50 mM HEPES buffer solution (pH 7.0). After the
solution had been incubated at 37°C for 10 min, the
absorbance at the wavelength of maximum absorp-
tion was measured against the reagent blank.

Bil —: control; Bil+: add 5 ul of bilirubin solution
(220 mg/dl)

LIRNT, XN BROKBYEEELTE, 7FIVA
WERVYBBBERHTHAENI ZEMBIHLB. ZhbHD
& %#¥ LT DADB (Fig. 8) D k5 2{b&M %S EH
RICERUTEY WEVHEET, BILRERIEZITD
&, AXBTCCYNVEVORBEFNI. ZOER%E
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H3CO HdSOSNa
y N _CHs
HaCO SO;Na N Z‘O 3)\\N—NH2
* HCI
DADB HoC NH,
N,N-Bis(4-sulfobutyl)-3,5- 4-Aminoantipyrine 3-Methyl-2-benzothiazolinone
dimethoxyaniline (4-AA) hydrazone hydrochloride
Fig. 8 Structure of DADB (MBTH)

Table 5 Interference of bilirubin with the oxidative
condensation at pH 7.0 of DADB

Amax/ 0 . Ratio of bilirubin interference
nm B~ B+ (Bil—/Bil+ X 100)

592.0 0.201 0.195 97.0

A mixture of 30 u! of DADB solution (10 mM), 30 ul
of POD solution (3.3 X 10° U/ml), 30 ul of 4-AA
solution (10 mM) and 30 pl of hydrogen peroxide
solution (2 mM), was diluted to 3.0 ml with 50 mM
HEPES buffer solution (pH 7.0). After the solution
had been incubated at 37°C for 10 min, the absorb-
ance at the wavelength of maximum absorption was
measured against the reagent blank.

Bil —: control; Bil+: add 5 ul of bilirubin solution
(220 mg/dl)

Table 5 KR .

DADB & Table 2 IZ/R Uz b)) v ¥ —REE BT
% &, BB AKES 600 nm L& IEAFOHEIOH
DT 4NV —KRERICEEL, Y NEYOTHBIER
PHFIESNTVB I ENO0 5. bk, ZD2DX b
FIVEOYENBOEBTWIRICESBD, H50VIEA
WAVEBOBAILLS, FKkEOR B BIRIE X
ENBH, TOERICOVTREASATIEEZV. 58I
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HEEFHL TV E 2L,

X, EVNWEYOEEBEILAMOBREN Rz EITE
ST SHEL I TIERLTIREL, BIEBEBRICE
ERIFTERLULIC, YN Y ELENICORT SE
BrERINS.

4 FWAH T T - DR

R U7z ki, BELSBRILESTTCEDATL
5 M) v g, KREEERIEZT=) Y, X7
J = NVEREBANBZ N, HTI53—IDOVThH, BONBN

Fig. 9 Conventional couplers in Trinder’s method

R! R?
N NH,
CHj3 - HCI

NCP-04 : R1=R?=H
NCP-05 : R1=CHs, R2=H
NCP-06 : Ri=0CHs, Rz=H
NCP-07 : R1=R2=0CHj

Fig. 10 New couplers in Trinder’s method

2.0r
748.2 nm
1.468 Abs
3 554.8 nm
£ 1.033 Abs
—g 1.0
4
<
0'0 L 1
400 500 600 700 800 900
Wavelength/nm

Fig. 11 Absorption spectra of TOOS with
NCP-04 in the oxidative condensation at pH 7.0

XANTVBDBKERGEROBICHAS EFDBE I 2
WATB) L 23T ESEREESOEE
BAmizshTE59, B7 I/ Ez2H->Ttuhdin
ENHBLOTHRNI EICERET 5. Fig. 9 IKHRERN
ENTWVBNTIT—%RTH, FLAE 4-AA ZH0
TWVWBDOWEIRTH 5.
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Fig. 12 Comparison of the sensitivity of NCP derivatives with new Trinder’s reagents

A mixture of 30 ul of Trinder’s reagents solution (10 mM), 30 ul of POD solution
(3.3X10° U/ml), 30 uM of NCP derivatives and 30 ul of hydrogenperoxide solution (2

mM), was diluted to 3.0 ml with 50 mM HEPES buffer solution (pH 7.0).

After the

solution had been incubated at 37°C for 10 min, the absorbance at the wavelength of
maximum absorption was measured against the reagent blank.

ZOHEMBEEL T, 4-AA BBKRETCOREREH
BEODIZX L, MBTH BRELEMENE L, BRERR
RTIIESBLC LI VERT I LOREFERMA LI &
ZHBHP., UL, h7I5—% 4-AA IKEIELTULE
2 &, BREARORIKEAEE, ENVEHHRBICER%
HUB. X, ¥EHNOBITTHEOHELZRIB &
WTE2W., -7, RERATVWAMESZRET 5
i, AT —ORRICLAET Tu—FLEEIIK T
5.

HhT T 0BEHBEEF - bW ESRL, ¢
KROKZMPEERE S v 7)) v T3, 4-AA IT L BHRE
RIGEHB UL B oEREIT->72& 2 A, Fig. 10 IKR
TEA%2, TI/)V 72207 3y BEKY, RERD
KFEBGEKE POD/HO, £TH Y 7)) v 7L, 4-AA
F OB REEAMCPIBABEREEZROEBREZERT S Z
& M4 » o 2. Fig. 11 I NCP-04 & TOOS %
POD/HyOy TH v 7)) v 734 Ut REEED AN
7 MVERT.

Fig. Il #5477 —IZ 4-AA 2FR LB EORE
EBRERDOFRARZ PvERBL T, BINEKEESR
200 nm BEEMICY 7 MU, ENVBRGFEKS 2 fEEE
ERUTWBCEDSDP B, Fig. 1215, EEHY ¥
F—AFEE NCP-04 »» 5 NCP-07 D 4 BOHHH 7
F—mbthy 7)) v ra3E, £UEEORINEKE
&, ZOBRNBAERICHE T B2BRNEERLT.

Fig. 12 25, REHO M) v F—HEL#bH v T
DY 7L, BB KFEED 750 nm BEOGEZERT
2LV TENGDS. X, 4-AA FHBICHN, BE
H2-3ICERLTVA. BABEPOBEEOKREIZIZ
600~650 nm OFFEIHSHL SN 555, 700~750 nm D
BRI, JLERBEMSEORNICRETHHEL 2L,
XNHJE U THEERL —F VB ENTES.

UL L, MAPS, MAOS & i3, ftho b1 v & — 3K
CRERELY, FEALBREERLLL. BFH B
BMNOThIZERTZLDEEDNS. NCP-04 » 5
07 DA TI—ERANVTABILKELTBLTAH5 &,
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1 1
O NCP-04 r=0.999 O NCP-04 r=1.000
08l 4 NCP-05 r=0.999 A NCP-05 r=0.999
Tl @ NCP-06 r=0.997 084 @ NCP-06 r=1.000
O NCP-07 r=0.997 m] r=0.998

Absorbance

0 ] i ] | I T T

0 2 4 6 8§ 100 12 14 16

[Hydrogenperoxide]/p M

Fig. 13 Standard curves of NCP derivatives for
hydrogenperoxide at pH 7.0

A mixture of 30 pl of TOOS solution (10 mM), 30 ul
of POD solution (3.3%X10% U/ml) and 30 pl of hyd-
rogenperoxide solution (0.2~1.6 mM), was diluted
to 3.0 ml with 50 mM HEPES buffer solution (pH
7.0). After the solution had been incubated at 37°C
for 10 min, the absorbance at the wavelength of
maximum absorption was measured against the rea-
gent blank.

Table 6 Stability of NCP derivatives

Absorbance at 750 nm after 25 days

Reagent . Aqueous solution
S Aqueous solution G %00 i
TOOS at 4°C
NCP-04 0.009 0.147
NCP-05 0.001 0.095
NCP-06 0.000 0.002
NCP-07 0.001 0.005

WERDH T T —b Fig. 13 1RT £ ICBVEHE%
~Y.

H 77— HEBIEDETH B DT, MAKITERL T
BEOERBH TOREME, NKZFEHRSHED TOOS &t
FaEgREBTOREMN 25 BREIKb > THAL.
FDFER % Table 6 ITRT.

WITNOLEMHERORIERK KR E 25 750 nm {13
DOPEHECENIFIEAEZN I ENT» B, X,
TOOS &HFEX LR ITBVTIX, NCP-06, NCP-07

0.6

0.4+

Absorbance

0.2

T T
0 0.2 0.4 0.6

Glucose/mg dl-!

Fig. 14 Standard curves of NCP derivatives for
glucose at pH 7.0

A mixture of 30 ul of TOOS solution (10 mM), 30 ul
of POD solution (3.3X10° U/ml), 30 ul of GOD
solution (3.3X10® U/ml), and 30 pl of glucose solu-
tion (5~60 mg/dl), was diluted to 3.0 ml with 50
mM HEPES buffer solution (pH 7.0). After the
solution had been incubated at 37°C for 10 min, the
absorbance at the wavelength of maximum absorp-
tion was measured against the reagent blank.

DBNEERREI LAECTEETHHI VDD 5.
JNa—2/GOD RIZBIF B TOOS EDAHy TV v 7
RIG#T - 124ER % Fig. 14 ITRY.

Fig. 14 » bBHERIC BV THLEIFSEREZRT
EMH M B, WIT NCP-04 5 07 ZFV B L3R
KEETEYIVE Y DREBLETAIERE Fig. 15 1T
7.
Fig. 15 25, 4-AA OFE LR UL, FEAREHRE
BIZk->T YN Y OSFLIHBOESIIRLSD
DD, ZOHRTH NCP-06 & DAPS OfiA# &b EI,
BLEYWVEYOEE N NEND 2 EDTh T
INBDN T T -k, ELEFER LORMPSELES N
THY, B )WY Y OFEEZTIC LBEZRER
LTz dhnidns s,

5 BIRIEGEER

5.1 BUTRHEGHEHEMAROTRLHMESR

AR U 72 & 5 ICERIRIEFE SR ICHV 5 h TV 38Tk
REFREKE, FEAELT NIV LETHS. T
VY aE, BEIZ 19 HAEHK, von Pechmann 5291 &
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1.2
1 7 <ijN -
@ . 7 N=N* ¢
Q 7 7
gosl A 1m0
y U R
© Bl ok R
Qoelild, 0y ol B NO.
= TR R Bl 7 4 #
o N “1TERD 7
7] v /252 é - . 7 B 2-(4-Todophenyl)-3-(4-
ELEE [ | RV (7 7 8 z BR )
< % g 7 N 2 || nitrophenyl)-5-phenyl-
0.2 2H tetrazolium chloride
0 ) <10 (INT)
3885 IZ85 3885 3835 IVEE 3885 388
anan oo accn ooen 40400 oc.an.o ano.o. S
000 OO0 CU0C OOU0 GO0 BOOC VOO0 B
222 2 .l zZzZ =222 ZTZZZ
v (%2 o o 723 oW fae]
s 5 & 8 g & ¢ CH:«O OC”
e < < < o o o -
Reagent O O 2Cl
Fig. 15 Bilirubin interference for oxidative conde-
nsation at pH 7.0 NO, O,N |

A mixture of 30 ul of Trinder’s reagents solution (10

M), 30 W of POD solution (3.3X10* U/ml) and
30 ul of hydrogen peroxide solution (2 mM), was di-
luted to 3.0 ml with 50 mM HEPES buffer solution
(pH 7.0). After the solution had been incubated at
37°C for 10 min , the absorbance at the wavelength
of maximum absorption was measured against the

reagent blank. 7 : control, I : add 5l of bilir-
ubin solution (220 mg/dl)

STHEENIALEYTH S, L TELEMNCRIM X
NBEHITK->TDIE, Kuhn® 5 OMFEICHEE S, B
IZ Lakon®1%, 2,35-bY 7= )vF b5 LR
8] (TTC) 2V, LWAWNADNEY, FHICBEOETD
BHHENHE, FOEL () O TTC R s nF(T4 52
EEBHI. FUTCHIE, 20 idEETFICLD T b
SV LED D LD KBTI, ERICEENSBIT
B, 7WETFEy, YATAVHEVETAIANE VB
BEDERICESHDTIEE L, BICEEE, BIcKy Y
VX7V F FRBEKBBROERICES 2l o0
iz .

ZDHE < OMFEEIC & » CTHBREIZT hF V)Y
LEMHO SN0 SR EDOBED B, TV
FFANPBY kST, BRAEEERKTET TV
U ARSI NSV ZOMR, Fig. 16 IKRT K
275, INT®®®, NTB*», TNTB®® & & it
BRIV SNE EHITm -1, X, BERILESHT TR
BILEBREES S VEIEEEZ T NIV v AEr 64
ULBANTHFvOBELUTHET 2 FENSHAEIN
1237,

Table 1 IZ/RU 72 & D12, IREBRICHKZERSR % H

3,3’-[3,3"-Dimethoxy-(1,1"-biphenyl)-4,4"-
diyl]-bis{2-(4-nitrophenyl)-5-phenyl-2H
(NTB)

CHgO OCH
2cr

N02 o2

tetrazolium chloride

3,3-[3,3"-Dimethoxy-(1,1"-biphenyl)-4,4"-
diyl]-bis[2,5-bis(4-nitrophenyl)-2H tetra-
zolium chloride

Fig. 16 Conventional tetrazolium salts

W72 B4A, 40 % NADH »HRE¥YE & 5 5. NADH
ZPEST B HEIL, BRO HyO, ZRIET 5 HELY
BEIEH 505, A< N v 7 ADEEB I D NWEE
b TWa. NADH if 340 nm (IR EF2 20,
DWERTORNEZBES HHE (UV ) »5d 505,
BICBRHEEY LS s LiEo T F 7 V) v AEPH
Wond. ZORIEREA, Fig. 17 <Ry, HOME
(BH) whkEBZER2EAS Y, £ UKFEZ NAD
R 1-A bF Y PMS L EOHHEBTFERKEEZNLT, T
V)9 LEBEZARL, ERUIcAVTF Y ORER
HERET S EICE->T, BKEBRREEE, 5013
HEBZHIETE 5%,

WE, LMRKREEER, 7Va-VhUKRER, T
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- A . —
N R 038
Substrate\y, NAD - (eH egﬁged) Tetrazolium salt ) N i
R NS SO,
Oxidized product* “NADH~ \ 1-Methoxy PMS Formazan ‘4
N=N N +
a
OCH,
N
E:j:h CH,S0;
CHy I
1-Methoxy PMS - —
1-Methoxy-5-methylphenazinium .
methylsusllfate ye WST-1: R!=H, R2=NO,

Fig. 17 The principle of determination

¥ I vIKEER L EORENKZBRZEY, E8Y
ZENTHEASN, BFICHABENKERESE (LDH) OHIE
i, DFCHZL, BEELw LS H20WIEFERZED
ZWICEEEL SN TVS,

BER(LZESITIC B T 2 BinHEHIEICIE, FIT NTB,
INT VWS TER. LhL, ERUEALVIF Y
B KkBEEEERLZV. T, AUV U HFHET
Bz, WAEEZAET H5E, A< v ONHE2H
ZBLHFREEEHSEZAOVTORME I BENDH 5.
N, SEBO LNV TF 12— T ~DNE, WESBEE
BoTE ., £07zHBFE, LDH, HiEMER (MU 7
V) F) RO, BHBOHEICFIHIAhTHSIBE
V. 2Dz, BRECESHTTREIRT & 0 IKIEED &
WIHF Vv REURT FT V) T AEOREENSED HNT
7R 640)41).

5¢2 KBEERNIHLEEUZTFIVUTLED
Eﬁﬁﬁi?)«l.’;)

41 TRATKBEOHERZRRT 5720, EkD
TRIVSY)TLIBICANAVEBEEAT S EEL, &
BMRET A2 T-72. UL, BICKBEHEEEAEALTCHZ
DEAZITIC & - T3, BLETENICREEZS X251
W, T FIVUTLESHRNTHF Y ABITI N,
o TANVA VEEEOBE AR Z#E U, Fig. 18 IR
T NIV U L, WST-1, WST-3 # &KL /2.
X, InHDT RIS LEPBELBRLTT L IZ
KBENEL, IM U EOKAKRZEMREEL T,
B2 EDORBYITEHEN TV ENDD > 12, WST-1
DAENTHF Y DEINA T SV % Fig. 19 ITRT.

I-* F*% ¥ PMS & T, NADH 2{EfH 3¢5 &,
NADH BEEIZIE U T, 430 nm T ICIPURA % #D &
WV EEUBIENSNDB. RIT, BEEZHL

2-(4-Iodophenyl)-3-(4-nitrophenyl)-
5-(2,4-disulfophenyl)-2H-tetrazolium,
monosodium salt

WST-3: R1=R2=NO,

2-(4-Iodophenyl)-3-(2,4-dinitrophenyl)-
5-(2,4-disulfophenyl)-2H-tetrazolium,
monosodium salt

Fig. 18 Water-soluble tetrazolium salts

1.5
. 1.0 [NADH]
g 50 M
-
g 10pM
0.5+ 0 pM
0
300 400 500 600

Wavelength/nm

Fig. 19 Absorption spectra of WST-1 in 1-
methoxy PMS-mediated reduction by NADH

12558Fl & UC LDH 2V, FBEOBRE #RIE L 12k
R% Fig. 20 IZ~T.

H#d& UT NTB Wz, WST W R EER %2 H
B ER<ABEBRZRAIE TS, BED NTB IZHANT
15 EEINLTHDZENTH»SB. NTB A< ¥
B WST-1 A= H > DENRNSEFELE I, 3.6X10%,
3.7X10* ©H 03, EVERBEHEIEBEEC L LD
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0.6

O WST-1(r=0.994)
A WST-3(r=0.995)
O NTB (r=0.992)

Absorbance
p
[
-
e

=
&
I

0l 1 | | |
0 20 40 60 80 100

Lactate/uyM

Fig. 20 Standard curves of WST-1 and WST-3 for
lactate at pH 9.0

A mixture consisting of 3 ml of 100 mM Tris-HCI
buffer solution (pH 9.0), 30 wl of WST derivatives
solution (10 mM), 3 w of l-methoxy PMS solution
(5 mM), 30 w of ,B-NAD+ solution (10 mM) and 30
ul of lactate solution (2~10 mM) was incubated at
37°C. To this solution, 3ul of LDH solution
(1.0X10° U/ml) were added and the mixture was
incubated at 37°C for 15 min; the reaction was stop-
ped by adding 100 pM of 1 M-HCIL. The absorb-
ance at 433 nm was measured against the reagent
blank. O: WST-1 (438 nm); 4&: WST-3 (431
nm); [J: NTB (530 nm) (add 30l of 10%
TritonX-100)

6?,%@&@H%f@Wﬂu$»v€y®&5ﬁﬁ
HRELAEN., BE25< 1-4A XY PMS & WST-1 &
DREDEFBREDIRISBERLTVEEDEEZEZ SN 5.

53 WST-1 O Cell Counting Kit ~DRSH*Y
WST-1 OFEWKEEZE» LT, BRIEZES RS
I, MIREEEEIC B O A MBREEIE N DICH 2 RRET U 7.
PEk, MR OBIEEITIE, MTT (Fig. 21) AV S
NTHY, BE MIT 7 vt 4 EREATHBED,
MTT 7 vt 4 S0 RTBERENE (27 BRIFKKHE
BREN) 2EEC U THREARRIE T 2 HETHS.
BREIZ MTT RV F o HKIZBEFIZS Wiz,
Ul =Y OBHRENKRET, 2L} Y TIvE
VBT HBICEEL L >TN5.

LA L, WST-1 A V< v EBAKBMED 129,
WST-1 2 BEBRICERL, HRE —ERMBA v Fa
R—Y gy, BERLEZAETZIEATSE

Vol. 45 (1996)

MTT
3-(4,5-Dimethyl-2-thiazolyl)-2,5-
diphenyl-2H tetrazolium bromide

Fig. 21 Structure of MTT

Absorbance
(==l
[$2]
T

0 10 20 30
Number of cells (X104/wells)

Fig. 22 Cell proliferation assay

WST-1 assay 0.1 ml of inoculate cell suspension -
(Hela cells, 0.2X10°~25X10%/well) was incubated
at 37°C. To this suspension, 5ul of WST-1 solu-
tion (10 mM) and 5 ul of I-methoxy PMS (0.4 mM)
were added and the mixture was incubated at 37°C
for 2h. The absorbance at 450 nm was measured
(P388 cell, 100 uM WST-1, 1.2 mM MTT, 20 uyM 1-
Methoxy PMS). @: WST-1 assay (430 nm); O:
MTT assay (570 nm)

%. Fig. 22 IfERFELE DB ZRL 2. MTT %2 #H
Lz DITHA, WST- 113K 2 EORBEZFE > &0
BB,

6 SikOFE

6-1 BEREEHE
BALFEERITH T % B ORRIRD 12 D ITKRBEESE
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BOATI—bDHERIT>TE Iz, BILSEREY
NEHEEBEEULUT, BREMASETENS. ChFETICH
HEANTEREIHMTOENVRNEREZSEZ 5600
BEAETHAD, MTHOENENRKEE > -OF
BB T 5 REFZHRET HLENH 5. EHRNOME
BAELT, BE/TIvAF VI —-EREHBSE, B
EAKT uM ObDOMH Y, MEKS % ERICHKRE S
BEEHIT, RESTEOBIMICHS ¥ TVEORI
XIS T BIDICRETH 5.

Wiz, FAEOBRIEADKIEN T & HRE L BILFE
#l, NRERVEERY Y TVROHENEO T %X
BOBLREHEROERELNETH L. BE, BBHHN
HEIC K HEMERBECOMBERE, FHRROHEON
TEMHD O, REZABRAML T2V
LThDH. BEOWHESRLRELLT, RETIE 3B HE
HERBICAOmcE aEELHRLCBY, HEIED
REFMICEBH L NIPERLIN VD, —F, FHEH
PERRETRIIBTE O, REL2FAMT I LE
b2, BROBOBREHERENS LV, BELR
BEEMPBONS. -7, HEOBRILILERILES
WCHEBELRETHS.

X, EEAEOBLBORRIMBER S OREE Z T
5705, RERRAEA —h — OEHIC & > TERELEY
HELET 5 FEMSBERIN, MEEsREREIN
TW5E5TH5. LU, BIEEEHZHVSHEIESR
3EL, ERTERVEENDD. H-oTZDRIZED
T REROBRELR1E LV,

6.2 BURGEREEH

BILUEEREII OV THERICERBRE/LSKD SN
5. WST i, RIEBKEED 430 nm T &L, &
RERY Y TVCEEINIHENEORELR T SR
BIZH 5728, 600nm BLERIBNZE >RV Y %
BEx 5 (taoBEREEBEE L THEZT>TVER
V. FRIVY Y LAEOBERICE LKA, BEICES
EBOTHFRE 2T ThiEz 50, BILET

B EREOMEAR T T B0, (LAYOERMIC

HMEARIFIZVWNENOBREZEAZITOBELD
5. X, TNETHESITEROT7 4 VI —IZADEIEK
ERE2F O LAYHARBICEREZBVCE Y, SHI
KFEIC L —F —2HV HEOERC, F+E7) —
BLRUE S EOEBEIERLTLHETRIND D,
SEB DRI G - HEE A RO LAY LBER L CLsk
Fhidz s, BIREBEREEL T TEEL, PR
KHATHRHETXZ2HEORBLED T I 2.
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