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Development of Spectrophotometric Determination for Bioactive Substance

Utilizing the Ternary Complex Reaction
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The development of simpler, more convenient, rapid, highly sensitive, and reliable determination has been strongly
desired to achieved early disease detection and early treatment. Our laboratory conducted research to develop a
spectrophotometry that uses ternary complexes that are made of 3 components: the analyzed substance, a xanthene
dye, and a metallic ion.

In this report, we introduce a total of 3 methods. First, the determination of human serum albumin, which uses
o-sulfophenylfluorone and [niobium (V) + bismuth (III)], achieved sufficient sensitivity in detecting various types of
low sensitivity proteins by using the pyrogallol red-molybdenum method (the PR method). Next, for the determination
of adenine using silver (I) and eosin, which is focused on the new behavior of silver ion (I), determination of adenine
at concentrations ranging between 0.1 and 1.5 ug ml"! by spectrophotometry was achieved with a sensitivity of as high
as € = 1.1 x 10° 1 mol' cm™; reproducibility was also very good, with a relative standard deviation (RSD) of 0.87%
(n = 8). Thirdly, a simple and highly sensitive spevtrophotometric method for uric acid was established based on
complexes on fading of the o-hydroxyhydro quinonephthalein - palladium(II) - hexadecyltrimethyl ammonium (HTA)
complex. In the determination of uric acid, Beer’s law is obeyed in the range of 0.01 - 0.20 ug ml", with an effective
molar absorptivity at 635 nm, the RSD being € = 6.5 x 10°  mol" cm™ and 1.5% (n =5). This method is about 20-times
more sensitive than the conventional methods. The method was successfully applied to assay of uric acid in human
urine.
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Fig. 1 Structures of xanthene dyes

£, FL—MENEHTD D LN RIEA A
R L CRIREZ R SMAZIERT 5 & DG
flEEZENS.

NS OB K O REEEAIILE F, WoH
H, &, ®EA A HTOSERISZ R
2 (kB A D OO 7 5 %
L, RTINS HBIAEOSETIREAS % W
WFAEARGRIAN O, & SISO D fiRiA 7%
EIDOWTHGET LTz,

SEFEHEE, MIOHE L, =IoskA IS,
OIS E RIS THRITH S EEZ BN
% Fig. 1 lORd 3FOFY 7 U REaEEIMD L
O, ZJeE R ERR G2 RIS % 0- ANVER T =
VI7)Aar e [ =47 (V) +E AT A )] =/
WBE MIETIVT I VOEREE 1) AA D
HLULOEHICEH LAY VY ER D) ZHVS
TTFZVDOER, & SITHA AL G
W3o-t FaFrevrkod:/ 7% A12(QP)
ERTVTLM) ZHWBIREEOERD 3 5IEIC
DWVTHHNT 5.

ot Fu¥steFlox/ v78L4v

(QP)



88

2. o-RILIRZzZILZILAQY E[ZAT (V)
+ERXATR(N] ZAWAZILTIVDEE

U4, 12 MR (Chronic Kidney disease, CKD)
OREZMMEEE h, BREORE ST, DI,
FIE, BRROE S X 2R v r oy Fo—
LUEBICEEST 5N TETOAA, 205
R, FHREICIE, I 70707 2 VIROEE
PEERFRCHSC L MBEENT NS, ek
k0, REVSYEEREL LTEL OHENH
FENTVED, YMRETIEINETIC (B
) kL XSS EEITERY B = eak
RIS RIS B IR & 278 5 B 2 B <
B L&, Zomceaia—)bLy R—%
VT (V) B0k (PR i) 3, BIEARRC 13
BIRR ST EEED 5 B 80%LL L7 i,
WHENTWS. L LARSD, 20 PRIEICS,
DRISHRADDE, OBED 2 Y /37 B
B UTHBIMAS 2, ©EERINCHER SIS
W, @F YRS EBTORSED RS 3, 758
DHEiZH LTV 5.

2.0

—
=}

Absorbance

¥

27T, BELLTPROWERIEIATH D,
BEA A 2 L DFEERRREN WV 0- A)VKRT 2 =)
J)btmy (SPF) ZAR, K LT, Atk
EREAX WS Z 87 BOWEILDRFE
ZHME U THR LT, £, Hibkle UTARE
& PRULD MG 21T 72 .

2-1 e

10ml DA X7 ZX3150 X 10* mol dm?
(=T (V) +ERT A M)} &EAK, S
PERITAWE 1.0 ml, #E@EK (pH 2.0) 1.0 ml, 1.0 X
10" mol dm® SPF ik 1.0 ml Z /%, X\ T
WML HSA AR Z A, KTE2E 10 ml &
5. CORBEBELEDSRBREICEL, =
13T 10 R FHET., HSA OB %R T BRI AL
BTS2 e LT 530 nm T
DI CEZET 2. RERRFICK > THEL
7z HSA-SPF{ =& 7 (V)+ E A< A ()} 1Ak &
SPF-{ =& 7 (V)+ E A< A ()} YA DWLIN A%
kL% Fig. 2 1SR

400 500

600 670

Wavelength / nm

Fig. 2 Absorption spectra of HSA-SPF-metal and SPF-metal solutions.
HSA; 10 pug ml"'; metal ion: 5.0x10”° mol dm™; SPF: 1.0x10™* mol dm™;
surfactant: 0.1 %; pH: 2.0; Curve 1: SPF-[Nb(V)+Bi(Ill)] solution;
Curve 2: HSA-SPF-[Nb(V)+Bi(Ill)] solution; Reference: water.
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Table 1 Comparison of RSD between this method and PR method

HSA RSD (%)
(ug/ml) This method PR method
1.0 3.93 9.13
25 1.82 2.53
10.0 0.88 1.23

Table 2 Reaction between several proteins and the SPF-metal complex

This method PR method

: a

Protein® (%)b) (%)b)

HSA 100 100
Hemoglobin 87 38
Myoglobin 112 53
Transferrin 83 115
v-Globulin 86 85
B-Globulin 87 68
a;-Acid glycoprotein 52 35
Fibrinogen 63 58
Bence Jones protein 62 30
a;-Antitrypsin 89 28
Lactoferin 76 73

a) Protein taken, Spg/ml.

b) Percent with respect to HSA.
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Fig. 3 Correlation between the urinary protein concentrations determined by the PR method (X)

and the present method (Y)
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Fig. 4 van’t Hoff plot of HSA-SPF-metal solution

Table 3 Thermodynamic parameter of HSA-SPF-metal binding

AG AH —4S K
n

(k J mol™) (k J mol™) (Jmol'K™") (mol'dm?)

HSA -1.27 0.07 —4.57 64.5 0.84x10*
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Fig. 5 Structure of Adenine
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Fig. 6 Absorption spectra of Adenine-Ag(I) solution and Adenine-Ag(I)-Eosine

solution

Adenine taken: 1.36 pg ml'; Ag(I): 4.0x10”° mol dm™; Eosin: 4.0x10”° mol dm™;
0.05% MC solution; Curve 1: Adenine-Ag(I)-Eosin;

Curve 2: Ag(I)-Eosin; Referene: water
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Fig. 7 Scanning electron microscope (SEM) pictures of the associate collected in

membrane filters

Reagent blank {Ag (I) — Eosine}; (b) Sample [adenine—Ag (I)-Eosin]
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Fig. 8 Pictures of associate collected on membrane filters
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179»5—%@@@@%&%%WWEW%&%
ABbNBINE—2E2RLTWA., —FH, ATV
DWEfREEER pKa, , pKas 3 ZNZFh, 2.85, 4.95
LEIEN, £7, 750 pKa,, pKa, 137
NTN 425, 983 LHIENTNG, Lichi-
T, wmEEM oAy (HR) &, pH 5 it
T, #60% B =fdo7 1k y@ﬁ@%‘ﬁbfcﬂ‘” R* T
FHESTSHEEZALNS. [>T [T -l (D]
%%&Iiy/%Timﬁ%ﬁa%@,EQ%ﬁ
EHTI(7 T2y -0 L ADEMZHT
e AT OFFENHBFRHICK M4 V2
BI= e A TH B L HEREI NI,

3-7 /M

B/AFA T E LT (), $AERAELT, W
KB X CHOL DD SIBHDATRETH D, K&
BBV DR E, 2L OBENF
MEFOT VA LA VRBEOTE T VRN
7TV ROT T OME, EEE Tk
EHFE L. BICERLE [ 7Ty -8 (1)-T
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FoV) ZERDOF Y S I Z)E—T g D
WTEREL, FRlOHRZE.

(1) FEA A MR ETEEAID X F )Lt o — X3
£ F, 0.1 mol dm® El#E ~ 0.05 mol dm® EDTA -
3Na i, FELLTIAY Y, BEAAE
LT Ag(l) ZHWT, 0.1~1.5 ug ml" J& & #ipH
O7F=>%, ¢ = 1.1 X 10°dm® mol' cm™ ®
IR E TR EERTHT eNTE e,
77 = 0.68 pg ml' I B 8 [T O RHEHE
{7 (RSD) 1& 0.87% & HEM L TEN TV
HiS, Bhvka el sceicky, 75/
v, ATPOX S 57 7=V EabEYZ REE
DEXETERT DT ENTE .

2) PEOIEA L MR EIEEF D X F )LtV
00— ZAE R CAER L - 20k z RE - BT %
TIiCkD, (1) REEAAIE, (2) BRGNS,
DZFED AT Z 2T )0 2 —nilEME 7z M
THTENTE. ZNEN0.05~0.70 pg ml',
0.03~0.30 pg ml" FEEEHIPH DT 7 = > AVER]
RET, (1) DWIEEE DR 3 MEOKERER LT,
AREREET AT TROCT) =22 X b
V—DITLIMITE 5 HETH 5.

(3) ARRIGRDOFEEY A MM UREEERE, n
=102, K=40 X 10" mol''dm® Th b, #S*#
IRT A=RIFZFNFN, AG°=-25.33 k J mol”,
AH=-110.62 k ] mol’', 4S°=-286.17 ] mol™
K'Thote. £z, FiO@EREEICBOWTHER
LI 2EROMME, 77 =238 (1) = 1:1 XU,
[7TF=V -8R0 : A4 >r=1:1THbo, |7
FZY RO itk AT L OEENHENE
X B4 v 2EMATHE EEZBNS.

4, o-EFAFIERAFXF/VTILI Y-
NZIVL () ZAWVWSREDEE

JREE (Fig. 9) 1&, 7'V VGO0 e
WICRIPICHERE N D, b ME, REEEAL

o)
N

HN

;i y=o0

o) ﬁ g

Fig. 9 Structure of uric acid

NS ZEEZABE L TVWAERNT ML EE
XEAMENBC > TV %. RIEOIE L AP IR
I HEIEE L, B O RO & A T IR
BEILIE, MY O OSHE, 2, R, EAA,
Lesch-Nyhan (L ¥ 2} A /1) ﬁﬂiﬁfséﬁt bad
DEBRBMNC BN TERERETHZ LEAD
N, ARy sy RO—L OF ST
BBNSCEEHBNTNS.

REEOAH kL LTI, Sy, fks
3640 ‘ an 4249
W, B T Y R S5 T 4 —, SO
(st B ERBIFbhs. Wk T, (X
BRI, (EHEIN, REORME, 7ATLE VR
75 8 OIEME RS EORE L X h, R0
W< LN, AFF LR U AFL
7 EZD L HTA) HFTF, o-bFaFo e R
HE VT HELAY QP) £85I L (1) &R
WBZ EIck b QP35 U L ()-HTA KA1k
DRED, EHRORBEEMASC LICED, B
F B LI L IREEOWBIE LD
DVTOMFEL b M RFTOHHIE OV THE L
7z,

4-1 FEERRE

10 ml DX AT 5 A ICHEERK 3.0ml, 1.0 X
10 mol dm™ HTA /K¥&#& 0.4 ml, 5.0 X 10~ mol
dm® )8V L (1) 0.4 ml, JREEZE ZTS/KIATN,
5.0 X 10 mol dm™ QP {A#% 1.0 ml Zhnz , ik
BEICKET. DWW TTnbz 60°C, 30 7,
5 537K U Te 1% DO 72 G 3R 225X B 7z o I
635 nm CHIET 5.
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Fig. 10 Difference spectra of PA(II)-QP solution and UA-Pd (II) -QP solution.
UA: Curve 1, 0.067 pgml™'; Curve 2, 0.13 pg ml™'; Curve 3, 0.20 pg ml .
Pd(II): 2.0x10”° mol dm”; QP: 5.0x10”° mol dm*; CTAB: 4.0x10* mol dm;

pH 8.2.

Fig. 10 13, FIMERRE T35 MR X Y R L
789, 635 nm I B, FREEDE
FEICEEBI L THEINL T 5.

YRR RIC B A MERZFk LIz & 2 A, IR
fi 0.01 - 0.20 pg ml™" OHFPAIC I T BUFRERR
MWMESNT. AT OEIVIDHURE (¢ ) 3R
O LD, 6.5 X 10°dm® mol ' em ™ LB &
Niz. 0.10 ug ml™" OREEHE (n=5) KD
B (RSD) 1 1.5% THY, BHFOAE £ b
20 fEORERRL  BNIEEBMEZRLUT.

4-2 AE DR

feE e BTN, ML OMEOHFIC X B HE
ZHaLicelh, TRUTL, AVUTL, Hb
UL, TRV L A A, iEE A A,
WA A>, VoAt y, J)Va—X, h7x
AV, JIVvy, BV, REOHFECEL
TRBREEORMCENNDET Lo BE%
REGEh ot iz, BtHITHZ 7 ALy

fg, > avEOHEFTEREIITN oz, § (1),
JL7F=r, e METIVT XV TIERAREE D
INIMDOBRIC 2 72 /R LT A, 635 nm I BT %W
NERICBVTIE, EEEE OMEHREICBNT
BB NIV Ehbh ok,

4-3 FLR O E

PR DIRIEERIC DWW TPz & T A, AL
72 LT 100 5T % DA THAME DB 2 R
£9 BT ENTE . FFEMAETOIREDOEIMEILIY
X, 98~104% T HIHEHERZ (RSD) &, 3.1%,
Tholz. VI H—E " N-3- A)VHKET z=)l)-3-
ANFY 5 AFNTZV)ViE (LEATTa—
UA-M 7V =)L+ b, FDEMEKR) LALEED
FEFRICDNT THUEZTT > TR, 95% DISHHX
M TEBE (p=0.05, n=4) t=0.159 2.776 &
BREEFRDLNT, X—HERLE hb
D55 7% Table 4 I</RT.
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Table 4 Determination of UA in human urine samples

Found, pg ml”!

RSD® Recovery®
Sample® Present Other
method method® (%) (%)
A 155+ 4.8° 3.1 101.5
B 224+ 5.6 2.5 98.2
C 224 +£5.6 2.8 103.6

The calculated t = 0.159 was lower than critical t value (p =0.05,n=4) of

2.776. a. Other method: the uricase N-(3-sulfopropyl)-3-methoxy-5-

methylaniline method (a. clinical kit, L type Wako UA-M, Wako Pure

Chem.) b. Average of 5 determination c. UA taken, 5.0 x 10~ ug ml™.

d.Average + standard deviation.

4-4 JVF

OGRS 2 B 5 Ic T B 728, BRI
toe i kit & BIVHIETHET LTc & T3, /8
Y L ()] [Qpl &, [1:1] TH Y FmiErE#
HERTEEMIC /35T L (D) : [QP — HTA]
&, 1:1 Tholk. FHRHERKDISSITL (1)
QP : HTA o =Jjuditk Dk tbiE, [1:1:1] TH 3
TEeMEEEIN, REIZSZ VYL 0) & [1:1] T
BAZIER L TR EEZ LN, SHITY
7 s (I)-QP-HTA = eHifAD LR & D FGH
FEIC DWW TS DI T % 7o DICIEFEM 7 MRaT Vs
WCH DM, QP L85V L () & HTA Z W
2 fEE RS R PRIE O E RIED, B (e = 6.5
x10° dm® mol' cm™) TH b, BEDOF v =
Wz O TERAEMIZ BV —RZ /R L,
B, BIER E EIENTAERZ1G5 TN TEE.
Tz, HEWE L IKT AV E VEOYERZ
TN WS RICBVTRIEFICENTWS L
EWVWZ B AEE, MEREEEIREE T
NS BT B i SRR OEC =L TDH %
EWVWZ 5.

5. ¥&H

AR KD, —fRICE KL TWB 0 R
7 PO TCRESE 7 45 C AR B B Y e SRS T
ETBHIENTE. £z, 1ERIFEAEITEHE
NTOEDSTZR () &7 T URREL ST Y
U LD XS WA E DO RIEA A VIS T B
REPPSMICED, LR OREICEd % L
FEOHTH 2 XA 20 I 7 A0HOERICE T
NG TERLDEERS.

AR ARWIRICER L, RS R D
F UTCRBEERARY: AR B B BARICTRE 2 %
WMEZRLKT. Tz, HAOMEEER X OHE)
2B 0 & LI RBEERRY: THRIEZ A RICHEA
THEHMOBEZRLET. EOICAKRERICHEL, @
BT 12 & & U Te KBRS i 23
=, WRCAT R I TR < REEL 9.
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