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In today’s clinical site, the concept of “health, undiagnosed disease, and disease” is gaining popularity. In order to
catch the symptoms of disease in the stage of undiagnosed, development of simple and highly-sensitive pathologic-
related substances is required.

In this study, xanthene-based dyes and triphenylmethane-based dyes are selected as substrates for pathologic-related
substances measuring methods. Xanthene dyes are detectable both in the color reaction and fluorescence reaction.
Triphenylmethane-based dyes have some structure similarities with xanthene-based dyes, so these are also selected as the
substrates. These dyes form a ternary complex with pathologic-related substances and a metal ion. We investigated new
measuring methods of variety of pathologic-related substances, such as spermine and proteins (histone, albumin).

In the spectorophotometry of spermine using o-hydroxyhydroquinonephthalein (QP) and manganese {Mn(Il)}, this
method was applicable in the range of 0.2 to 1.5 pg/mL spermine concentration. In this range, the molar extinction
coefficient (g) was 1.4 x 10° L mol™” cm™. In the spectrofluorometry of histone using 3,4,5,6-tetrafluoro-2-carboxy-
phenylfluorone and manganese {Mn(Il)}, this method was applicable in the range of 0.5 to 2.0 pg/mL histone
concentrations. In the spectorophotometry of albumin using xylenol orange and zirconium {Zr(IV)}, this method was
applicable in the range of 1.0 to 9.0 pg/10mL HSA (human serum albumin) concentration. The detection sensitivity was
more than 50 times higher than that of conventional methods, such as the PR method.

The new methods are superior to the conventional methods in terms of sensitivity, selectivity, and convenience. Good
results have been obtained in rapid analyses using FIA and application to actual samples. It is suggested that these new

methods are effective and useful in the clinical site.
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Fig. 1 Absorption spectra of {Mn(II)-QP-Spm} and {Mn(II)-QP} solutions
Spm;5.0x10°°M: Mn(I1);5.0x10°M: QP;5.0x10°M: Tween 40;0.2 %: pH 8.0: reference; Water:
curve 1;{Mn(II)-QP-Spm}solution: curve 2;{Mn(Il)-QP}solution: curve 3; curve 1 minus curve 2.
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Table 1 Molar absorptivities and reproducibilities of Spm and its related compounds

Compound e (X 10% RSD (%)

Spm 14.0 0.50
Spd 6.1 0.60
Put 0.06 —
Cad 0.05 —
AcSpm 7.50 —
N¥%-AcSpd 0.30 —
AcPut 0 —

Spm : Spermine H2N(CH2);NH(CH2)sNH(CH2);:NH2

Spd : Spermidine  H>N(CH2)sNH(CH2);:NH:

Put : Putrescine HaN(CH2)4NHa

Cad : Cadaverine H>N(CH2)sNH>

AcSpm : Acetylspermine H>N(CH2);NH(CH2)sNH(CH2);sNHCOCH;

N%-AcSpd : N*-Acetylspermidine  CH3COHN(CH2)sNH(CH:);:NH:

AcPut : Acetylputrescine H2N(CH2)aNHCOCH3

SCHK 28) L& - FTIE

Table 2  Effect of foreign substances
Molar ratio Recovery
Substance (Substance/Spm) (%)

None — 100.0
Cu(Il), nitrate 1 100.0
Fe(IIl), sulfate 1 115.2
Zn(II), nitrate 100 100.0
NaCl 100 100.0
KNO:s 100 100.0
Na>HPO4 100 100.0
KCN 100 100.0
Glucose 100 100.0
Glycine 100 100.0
Thiamine 20 100.0
Urea 100 100.0
Creatinine 100 100.0
Caffeine 100 100.0

Mn(1I) ;5.0x10°M: QP ;5.0 X 10°M: Tween 40;0.2 %: pH 8.0:
reference ; {Mn(II)-QP}solution. SCHK 28) |2 fiNZE - FT1E
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Fig.2 Fluorescence emission spectra

Mn(II) ;1.5 X 10-6M: TFCPF ;1.0 X 10-6M: 1.0mL of 1.0 %Triton X-100: pH 9.0: excitation
wavelength;494nm: curve(a);Mn(1l)-TFCPF solution: curve(b);Mn(II)-TFCPF-histone(1.0png/mL)solution:

curve(c);Mn(I)-TFCPF-histone(2.0png/mL)solution. Rk 41) |2
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Table 3 Reaction between several proteins and manganese (II)-TFCPF complex

. . MwW?
Protein” AR % %" pl? /kDa
Histone 27.3 / 100.0 10.5 21.5
Myelin basic protein 13.9 / 50.9 12.0 - 13.0 18.4
Lysozyme 0.0 / 0.0 10.5 - 11.0 14.5
Cytochrome C 33 / 12.1 10.1 12.4
Trypsin 1.3 / 4.8 10.1 - 10.5 24.0
Lactoferrin 1.0 / 3.7 82-92 75 - 80
HSA 0.0 / 0.0 4.7 60.4
Protease (S.griseus) 2.5 / 9.2 85-92 19.0
- Globulin 0.3 / 1.1 6.9 155 - 160
Fibrinogen 0.0 / 0.0 55-58 340

Mn(II);1.5 x 10°M: TFCPF;1.0 x 10°M: 1.0mL of 1.0 % Triton X-100: pH 9.0:
a) Protein taken;1.0ug/mL: b) Percent with respect to histone: c) isoelectric point: d) Molecular

weight. SCHK41) IZNEE - RTIE
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Fig.3 Absorption spectra obtained by the standard procedure

HSA;5ug/10mL: Zr(IV);4.0 X 10°M: X0;4.0 X 10°M: surfactant;0.15 %: pH 2.5: reference;water:
curve 1;X0O-Zr(IV) solution: curve 2;HSA-XO-Zr(IV) solution:

curve 3;curve 1 minus curve 2: curve 4;X0 and XO-HSA(100 pg) solution. SCHk49) |2 N4 - 3T1E
Table 4 Reaction between several proteins and XO-metal complex
Protein” This method (%)? PR method (%)? Molecular weight pl?
HSA 100 100 6.9 x 10* 4.8
y-G 0 61 1.5 % 10° 5.8~72
Hemoglobin 5 38 6.5 % 10* 6.8
Myoglobin 0 53 1.7 x 10* 6.8
B2-Microglobulin 0 137.2 1.2 x10*
Transferrin 0 115 7.5 x 10*
Fibrinogen 0 6 4.0 X 10° 5.5
a1-Acid Glycoprotein 10 35 4.4 % 10* 2.7
Albumin,glycated human 0 95.7
a:1-Antitrypsin 0 28 5.1 x 10*
Lysozyme 0 1.4 x 10* 11.1
Cystatin C 0 77.7 1.3 x 10 9.3
Tamm-Horsfall Glycoprotein 0 41.5 7.0 X 10°
a1-Microglobulin 0 3.0 X 10*
1) Uncorrected.  2) Percent with respect to HSA.  3) Isoelectric point.  3CHk49) IZHN&E - FTIE
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Fig.4 Correlation between results for urinary protein assays, as obtained
by the PR method(X) and the present method(Y).
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