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Ti(IV)-5,10,15,20-7 + 7 (4- ) I) A7 4 ¥ {TiO(tpypH,)* | DOMRERMEISHK (Ti-TPyP #3K)
% HyOp BIICINA B &, TiOy(tpypH,) ' SEAN AR L, TiO(tpypH,)*t &KL+ 50, #
DB (Apax: 432 nm) AT 5. TR DR 5 AAbsorbance 1 H,O, BEIZHHIT 5D T,

COMEERETHEICEY HO, ZERTH,

H,0, 1 M 2472 D AAbsorbance & 1.9X10°> T& »

fo. ZORISEANA X VEHERERKISIZE SO TV A0 T, BiTHEREYEIC L 2885 2T 8.
ARIGZE, TVaA—=A4F 3 F—=XIilkbd HyOy EBRFIGEMAEDE T, MBERCRP ISV IT— R
DOEBIIEH Uz, fi#EH € 64.8~249.1 mg/dl, JRHT 6.54~90.8 mg/dl DERMENE &N, M~
D 180.2 mg/dl D7)V 2 — ZADERNENLF X 98.0~105.3% TH - 1.

1 # g

MEP 7V I — A3ERIEZEOHTRLEHNS
NTOWBHEHEEAD—2THLHDT, SR, BESL
LOMERZRHFEL, MEHABOL R EZRS 2 & 13H
BERTHA.

BfE, BRIV a—20RFEICE, S va— 24 %
Y-+ (GOD) £ )AFy¥—+ (POD) %#H
W, Zna— 208 THE UBEEKEIC L > TRIE
K%L T 5 Trinder DHED, H5V I35 OHEEID
WELHOOLNTWS, LrL, ThsDFkIcHEy
HE#ERE LT, POD OREEBEESMEVz0IC, HE
FIHRIUMPHEIC L > THBRELZELRTL, BED
HEOMPBILEZNDIZERT D TH B ENBTHN
4. GOD K L ABWHERICEMBETBEY H 5V BB
{LARZBEERDD 2 i a0 BEERE S FEEHV S
NTELN, BENS+STRL, X, BHBEHEICSY v /3
TENSEET D 1I2OIEBROFHEGSENE S, #O
W ORIEESHEHI TV 5.

ZHOWBLIEID S, BOVBELBELR2LL, »OER
HOFHOVBBLKFZAEEE LT, BEEZEMNTETS
F5V(IV) % REE 45004 F kR IC
DTN EEZIRE L TE Y. WEFE, BICE™H
B2 ERULT, BRIEFEBOKE W Ti(IV)-5,10,15,
YRGB R FIE: 19203 HEHNALFHREA

1432-1 _

20-7 b 7 (- T V) KWV T 4 VK {TIO (tpyp-
H)*" 28R (Ti-TPyP %) & 3 2B EEL
KFEDOWNNEEREEER L. A|TW, Ti-
TPyP HEOEKBEENHERNDOISHZR Y, BH
GOD tHlarabhE T, dBoMIR(EIRD SN TH
HMEH 7N a—ARORB 7N T — ZDERBE RS
Uitz

2 % B

2.1 #® %

TiO (tpyp) SEARISHA S D HHEVITH > THRKR L
2. Ti-TPyP &FE (50 uM): TiO(tpyp) $&fA 34.03 mg
% 0.05 M IR L T 1000ml & U7z, REIK W,
HRT 6 »H, BEERT 18 » AL EOBRENTTEETH
Sl T a— ZAEBHERK (10.0mM): p-7 )b I — X
(BABERRR, FIEAISET2E) 1802 ZHUV, KICIAML
TARE1000ml & U712, COBEBISERABICKCERE
FWRUIz, Zva—2+F 35—+ (GOD) B (7.5
U/ml): 70V 32— 24 % ¥ 5~ (EC1.1.3.4, Aspergillus
niger 2K, Sigma) % 0.05M ) v EEEEK (pH6.5)
KU 7. WIROBRIETER, SBRFOHA L 1
BN T IIEL RS s ip o1,

22 TEBRIRME
M DOBAIE 200 212, RTId 50 ZIKHFRL TR
EL, 2050w (7 Vv3— X 50 pmol~8 nmol % &
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tp) ZHLA. GOD /AR 200 ul %1% T 45°C T 15 43
%MEté.mwa4BMﬁﬁ§@&0ﬁmeﬁ
Hr&e 250 MATERTS SHKES 5. 20D
#, KTL£E 25ml & UT, 4320m BT 5 HHE
(4,) ZRAET B. BWKROND O ITK 50 ul %2 H - TIH
RRICEBIEL, BJEE (4,) 28IES 5. WBLEDZE
(AAbsorbance=4,—A4,) &V, 7V I—-ABELZERKD

5.
3 MRRUEE

3.1 FREMHEOHRE

3e1-1 EBRIE BELKREIBEHLMAET, TIO-
(tpypH)* ™ SR (A an: 4320m) & K IG U T TiO,-
(tpypHy)*" 818 (Anax: 442nm) 2K T 5. 20D &

FOWPNANRY PIVE(LE Fig. 1 ITRT.
TiO(tpypH,)** +HyO,— TiO,(tpypH,)* " + H,0

it> T, Ti-TPyP I ITBMILKFZZMA 135G, 432
nm IZB T SWAEE LD U, 442 nm ORICE T K
5. CORKEOEMEOBLBIZZEAZNINATE
BLAKREICHH T 2DOT, TOBmNELLEBIEL
T, BB KEZ2EETHIENTES. AT, B
BALAKR IM IR 2REER(EE, 4320m Tl
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Fig. 1 Absorption spectra of (1) the Ti-TPyP re-
agent and (2) TiOy(tpypH,)*" complex in 0.5M
perchloric acid solution '

Concentration of Ti-TPyP: 5X107° M; Concentra-
tion of HyO,: (1) OM, (2) 1X107°M
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1.9X10° 442nm Tk 1.IX10° TH 5. ¥ TEHRET
X, Mo EERELRENSTES 432 mm IXBNT, &
HEDH A5 (AAbsorbance) ZBIFE L 1z.

O F VEERIEREIGIE, Ta b itk oTh
Eaxh, [HY]=16M LI EIZBNTIE, 5 5BICEIE
RIS 35E#Es 5. —F, TiO(tpypHy)*t O RGO E
NVBEFAFEE, (HT]1=01mM~05M Q& E|ERER
B, T, HPPIRICEHED B 12017, SRR
Fid 16 M BIERBPTIT-o 122 2T, BREERER
KWEEWREFFONSBEBED FR (05M) K25
LK THIRU .

PIGHORE, REOXE2zRELILEIS, BRE
15~55°C O#H T, 5 7 RICEKDPD—FED
AAbsorbance B Lz D, RERME, EBTS
SHEKEL TP HSRIET S L& LT

EOBEHRICESWT, BEBIKEDOEERE
%, BIRDO LD ICED .

312 GOD DEISH&MF GOD BEIZ>WVWT
i, BEROMRIEZSEICLUTED.

GOD DX pH & —MIZ ik pH5.6 E3NTWD
M, pH65 VO MELH B, 227, KFTHL
2 GOD DWW THE L72& 2 A, Fig. 2ICRT &9
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Fig. 2 pH dependence of AAbsorbance due to the
formation of hydrogen peroxide from glucose by glu-
cose oxidase at 45°C in 0.05 M acetate buffer (pH
5.0, 5.8), 0.05 M phosphate buffer (pH 6.3 to 8.0)
and 0.05 M borate buffer (pH 8.5, 8.8)
Concentration of glucose oxidase: 2.5 U/ml in the
reaction mixture; Concentration of glucose:
1X107° M in the final solution
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02r Table 1 Effects of foreign inorganic substances on
(1) the determination of glucose by the use of
E @) GOD and the Ti-TPyP reagent
= y g
N
s @ b G /M Glucose'
§ @) Substance oncn. found, %
<
T 01F NaCl X107 100.0
2 KCl 1X107° 101.4
< CaCl, 1X107° 98.6
« MgCl, 1X1072 97.2
NH,CI 1X1073 100.0
CuCl, 1X107* 94.4
L ) FeCl 1X107° 97.3
0 3
15 3 NaBr 1X1073 97.2
Time/min NaNO, 1X107° 98.6
—3
Fig. 3 Time course of the formation of hydrogen Na,COs 1X10~3 10(1)2
peroxide obtained with (1) and (3), glucose standard Na,SO, 1;<10~3 180.6
solution and (2) and (4), serum NaH,PO, 1 10_3 :
H;BO, 1X10 99.6

Temperature: (1) and (2), 37°C and (3) and (4),
45°C; Concentration of glucose oxidase: 2.5 U/ml
in the reaction mixture; Concentration of glucose:
1X107° M in the final solution

fz. 22T, BRRISTW, pH6S5 O v BEHK
(0.05 M) 2RIz,

BEARISKHORIGERER BB KL &R %,
Fig. 3 IK7R"Y. 37°C TiX, 15 ST NVa— 20K
90% WRIGUT-A, Zhll ERMZBL TS, FEA
ERFIERER N o2, —T, 45°C T, 1§
10 HHRICITZIEEBMICHILRIGPK T L, Z0% 10
S, BXECEEPR NSt #£-5T, Kk
T, 45°C T 15 SRARIGZITHY & & LT

DlEDORERICE SO TBRRIGHRM %, EBRIEDOIHE
KRG KD ICEDT.

3.2 KREBRRURME

KEIL L > THLZRERIE, 20nM~32uM (50
pmol~8 nmol/test) O TR WVWEBRYE (HE{EHK
r=0999) %R L, ZNVI— A IM X T 3
AAbsorbance 1%, 1.8X10° T& -7z, X, BHERIE
B 1 uM OERHI BT 2 EBEOEIMEERZE L 14%
(n=8) TH-1.

3.3 HEVHOZE
EEARAOIERICKL S, I, RPCFEans
HEMEOEEMEICH T 2B A2 RET U7z, Table 11
AT EHIK Na®, K, Ca?t, CI7 &, #HEANICE
BICTHET HEMEA 4 V13, EDH 2 VIRPOHFHER

t [glucose] : 1.00X107° M

Table 2 Effects of foreign organic substances on the de-
termination of glucose by the Ti-TPyP reagent

Substance Concn. /M gll;:éo’s‘;
Glycine 1x1073 101.9
Alanine 1x1073 98.1
Valine 1X1073 99.0
Leucine 1X1073 97.5
Isoleucine 1x1078 101.3
Serine 1X107* 102.9
Threonine 1X1073 99.6
Phenylalanine 1X1073 97.5
Tyrosine 1X107* 98.0
Tryptophan 1X107* 102.4
Ascorbic acid 1X1077 97.7
Aspartic acid 1x1072 101.5
Asparagine 1X1073 101.5
Glutamic acid 1X1073 100.4
Glutamine 1X1073 100.4
Lysine 1X1073 98.5
Histidine 1X10™* 100.3
Cysteine 1X107° 99.8
Cystine 1X107* 98.7
Methionine 1X107°¢ 97.8
Proline 1X1073 101.5

t [glucose] : 1.00X107¢ M

BETIXENRoNEho1. X, MIBTOMESE
A% THd FS3, cu?t id, #heshs/va—2om
10 f%, 100 fERBEOHFHAETCHEELE X nh 1. 7
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Doy, TWIIVEE, VIVvrEDELDT I /BIL
TN —AD 1000 FEORETHEL THHEEL -
72 (Table 2). Y AT A VRUAFAZViEIINa— 2
CERET, N, TAANE VEEEFD 1/10 (E0O 8T
EFTCUhREEF LAV, LAL, MBEFDOYRF4
VOFHEEREINTES T, X, AFF=ZVRET A
ANEVBOMBHREERIFAEFRISLI— 20K
1/120 B 1/100 EETH 5D TW, ERXB~DIEH
IBRL Tl & s 5 50,

3.4 MiFhJIIO—-ADER

KEBEZHO T MIER 7V a3 — 2 & Bl U 1.
MERBZEDEETCRRENETETCRUETELODT,
Mg 1pl 2&->7T 200 IKHRLU THIKE U, il
DT = VMBEROIY PO — VMW T I T — 2
REZKD, BIZ, WEAND TV I — 20EINEINEE
BTV, REOEEMEZE» o 12 (Table 3). IFHE,
REW, E550MBICENTS, RMBYUHEL 98%
DEOZEME LB ERIE o N, BEE oGz
1, 7NV a—2A% U, 30 L EORESHRIER D
LRXWTEENTVDEY, ZOEENEFILEAERSNS
Motz o TABIC ENIEREROMER /v a— 2
DEBITBNTH, BALFMAE TS ES<AEY
BHEWARETH B.

0 BOMBIC>WT I Va—ARFEL, FIa—
ABTANII— (POD-4T3I/T7vFEY) V-7
J =ik, FDEMZETSE) IS K HRER &L 72, Fig.
4 IR L e kS ICHBIRE r=0.963, bl E R
=0.980x—1.07 mg/dl (y WKL) PEsNz. O
B, BT UL EHERE AT, Bk o T,
POD-47 I /T vF¥) V-7 x/)—VEEERLES
B LN, BEHIE TN TV BRI & 5 H 8
ENENDAHETCREEBENHDHERRLTVS,
DLW, SBEIIREEMNELTSTHSD.

Table 3 Determination of glucose in serum

Serum g;nf;ll'_/] Recovery, %
NESCOL X" 110.0 Av.¥ 984
NESCOL XA 249.1 105.3
SERACLEAR N 119.2 98.9
SERACLEAR NA® 166.4 98.0

a) glucose added: 180.2 mg dl™', b) normal serum;
c¢) abnormal serum; d) n=3
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35 Rh/Na—-AOEER

FRED 7V a— 23 MEhOFh E0FETHO, &
WHADHZA EERETORBITE L <, BRIWHE T
WoNETIC, EBPITONTOVEL., £2T, B
BEHTOIRELE>TRFAFO IV I—- AEBZRS
fz. CORE, JEREATIEER FRZBA S 0[RE L B
HODT, IR%Z 50 EICTFRU THRIKE Ui,

bR 4 BT O O TRIE U R, 6.54-90.8
mg/dl D7) 3 — iR SNz (Table 4). AP OKE
WIDEIIIHFEHETHY, EIC L HAEINETH 5
DT, KEOEFEUEZHE» DB 120, RINBIES % T
51z, FRFNROEEHS, 18.02 mg/dl HHY4D 7V a—
AmEMUIZE A, BREIL 95.8~1026% T&H -

ke Bk, ABICE- T, RO va—-2d &S,

IR ICHE RIS 5 73— 2 % HIETEICRIE
THILEWTEL.

120~

100t

80}

Present method/mg dl-!
T

601

)
60 80 100
4-AA-phenol method/mg dl-?

Fig. 4 Correlation between the results obtained

by the glucose oxidase-4-aminoantipyrine-phenol
method and the proposed method

Table 4 Determination of glucose in urine

. Concn. / o/ a)
Urine sample mg dl ! Recovery, %
No. 1 6.54 Av.” 102.6
No. 2 12.8 100.3
No. 3 10.8 97.5
No. 4 90.8 95.8

a) glucose added: 18.02mg dl™'; b) n=3
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Spectrophotometric determination of glucose in serum and urine using tita-
nium(IV)-porphyrin complex. Chiyo Matsusara, Naoki Kawamoro and Kiyoko
Takamura (Tokyo College of Pharmacy, 1432-1, Horinouchi, Hachioji-shi, Tokyo 192-03)

(5,10,15,20-Tetra(4-pyridyl) porphinato] oxotitanium(IV) {denoted as TiO(tpypH4)*",
(Amax: 432 nm)! reacts with hydrogen peroxide to form a mono-peroxo complex, result-
ing in a significant decrease of the absorbance at 432 nm. The degree of the absorbance
change (A Absorbance) was found to be proportional to the concentration of added hy-
drogen peroxide. This fact was successfully applied to the determination of the glucose
in serum and urine by the use of glucose oxidase. A linear relation was obtained be-
tween A Absorbance and glucose concentration ranging from 20 nM to 3.2 uM (r=0.999).
The apparent molar absorptivity of glucose was 1.8 X10° M~ ' cm™ !, The relative stan-
dard deviation of repeated runs (1 uM, n=8) was 1.4%. With only 1 ul serum, the con-
tent of glucose ranging from 64.8 to 249.1 mg/dl in concentration could be determined.
The recovery of glucose (180.2 mg/dl) added to serum was 98.0 to 105.3%. No precon-
centration was required to determine glucose in urine (6.54~90.8 mg/dl) by the present
method because of its high sensitivity for hydrogen peroxide.

(Received December 12, 1991)
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