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(B) Intramolecular excimer fluorescence
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Fig. 1 Schematic diagrams of the production of (A) intermolecular and (B) intramolecular

excimer fluorescence of pyrene

(A) The excited-state pyrene molecule can reorient to form the excimer with other ground-

state pyrene molecule in high concentrated pyrene solution.

(B) 1,3-Bis(1-pyrene)propane

molecule can form the excimer within a molecule, even if in the extremely diluted solution.
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Fig. 2 General concept of intramolecular excimer-forming fluorescence derivatization with pyrene
reagent

By derivatization with pyrene reagent, the polyfunctional compounds can emit the intramolecular
excimer fluorescence within a molecule. On the other hand, the monofunctional compounds coexist-
ed in sample matrix can emit only pyrene monomer fluorescence even if the monofunctional com-

pounds are also derivatized with pyrene reagent.
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Fig. 3 Three-dimensional fluorescence emission chromatogram obtained with the mixture of
pyrene-labeled bisphenol A and 4-r-nonylphenol (200 pmol each on column)

The derivatization conditions are as follows: To a standard solution (200 ul) of phenols (20
nmol/ml in acetonitrile) of (1) bisphenol A and (2) 4-n-nonylphenol were added 5 mM PBC (200
ul in acetonitrile) and 1 M potassium carbonate (10 ul). After heating at 100C for 30 min, a 20
ul portion of the reaction mixture was injected into the chromatograph. The HPLC conditions
are as follows: column, TSKgel SuperOctyl (100 X 4.6 mm I.D., particle size 2 pm; Tosoh);
mobile phase, 75% (v/v) acetonitrile ; flow-rate, 1 ml/min; fluorescence excitation, 345 nm.

Peaks: 1, bisphenol A; 2, 4-n-nonylphenol.
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Fig. 4 Chromatograms obtained with the water con-
tacted to the baby bottles made of (A) polycarbonate
and (B) glass

The pretreatment procedure is as follows: To a 100 ml
portion of water sample, 1.0 ml of 1 M hydrochloric
acid for pH adjustment (ca. pH 3) and 50 pl of 1.0
nmol/ml bisphenol F for an internal standard were
added. The solution was applied to the Oasis HLB
cartridge, and the cartridge was washed with 2 ml of
water. After drying for 10 min under vacuum, the
compounds in the cartridge were eluted by passing 0.5
ml of methanol four times. All the eluates were com-
bined and evaporated to dryness under a nitrogen
stream. To the residue, 200 pl of 2.5 mM PBC solu-
tion and 5 pl of 1.0 M potassium carbonate were added
and vortex-mixed for ca. 2 min to redissolve. After
heating at 100 for 30 min, a 20 pl portion of the
reaction mixture was injected into the chromatograph.
The HPLC conditions are described in the footnotes
of Fig. 3 except detection condition (E. 345 nm, E,,
475 nm). Peaks and concentration: 1, bisphenol A
(89 ppt from polycarbonate bottle and less than 1 ppt
from glass bottle); 2, bisphenol F (internal standard);
others, environmental substances and reagent blanks
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Fig. 5 Chromatograms obtained with healthy human
urine sample

The derivatization conditions are as follows: (A), free
polyamines; To a 10 times diluted urine sample (200
ul) were added 5 mM PBC (200 pl in acetonitrile) and
6 M potassium carbonate (10 ul). After heating at
80T for 20 min, 6 M hydrochloric acid (10 pl) was
added, and a 20 pl portion of the reaction mixture was
injected into the chromatograph. (B), total polyamines;
A 10 times diluted urine sample (200 pl) was de-conju-
gated by heating at 140C for 6~14 h in the presence
of 4 M hydrochloric acid (10 ul). To a solution were
added 5 mM PBC (200 pl in acetonitrile) and 6 M sodi-
um hydroxide (10 pl). After heating at 80 for 20
min, 2 M hydrochloric acid (10 ul) was added, and a
20 pl portion of the reaction mixture was injected into
the chromatograph. The HPLC conditions are as fol-
lows: column, TSKgel SuperOctyl (100 X 4.6 mm 1.D.,
particle size 2 um; Tosoh); mobile phase, linear gradi-
ent [0 min, 50% (v/v) acetonitrile ; 20 min, 80% (v/v)
acetonitrile]; flow-rate, 1 ml/min; fluorescence detec-
tion, Ey 345 nm, En 475 nm. Peaks and concentra-
tions (nmol/ml urine): 1 and 1', putrescine (3.6 and
15.0); 2 and 2, cadaverine (0.5 and 8.3); 3 and 3', sper-
midine (0.6 and 6.8); 4 and 4', spermine (0.4 and 0.7);
5, 1,10-diaminodecane (5, added as IS); 6, monoacety-
lated spermidine and/or spermine; others, urinary
endogenous amines and reagent blank components
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Fig. 6 Fluorescence emission spectra (Ex 345 nm)
obtained with the urine samples of (1) the patient with
glutaric aciduria type II and (2) healthy person

The standard procedure is as follows: To a 10 times
diluted urine sample (200 pl) were added 40% (v/v)
pyridine (100 pl in dimethylsulfoxide), 0.2 M EDC
(100 pul), and 5 mM PBH (200 ul in dimethylsulfox-
ide). After heating at 40C for 60 min, a 10000 times
diluted reaction mixture with 50% (v/v) tetrahydrofu-
ran was measured by spectrofluorometry (Ey 345 nm).
The total concentrations of dicarboxylic acids were cal-
culated as adipic acid. Samples and concentrations
(wmol/ml urine): 1, sample 1in Table 1 (10.7); 2,
sample 2 in Table 1 (0.38); 3, blank
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FTHREEICER SN (Fig. 7). HPLC FATICBIT 5 4
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L7z nRryBREoMEE T, MLy VERRER
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Fig. 7 Chromatograms obtained with the urine sam-
ples of (A) the patient with glutaric aciduria type II
(sample 1 in Table 1) and (B) healthy person (sample
2 in Table 1)

The derivatization conditions are described in the foot-
notes of Fig. 6. The HPLC conditions are as follows:
column, YMC-Pack ODS-AM (250 X 4.6 mm L.D., parti-
cle size 5 um; YMC); mobile phase, 67% (v/v) acetoni-
trile ; flow-rate, 1 ml/min; fluorescence detection, Ey
345 nm, En 475 nm. Peaks: 1, adipic acid; 2, suberic
acid; 3, glutaric acid; 4, sebacic acid; others, reagent
blanks and unknowns. Concentrations: see Table 1
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5:1:2 AFIJLvOCERMEEZEADER AF N
O CEBIMEEL, AFA~u rBAMRRICERL, £H0’%
BRICEREEDT Y F—VARr b=V 22 BT —HD
BIEHAHREETH 2. WHO AlDirbashi Hid~wwa ~
Bk EEYE LT L AF LT VEBOLY Vv — %S
BMb-HPLC ERBEZMEL, ¢ MRPRUEEFLID
CETNBABOIM 25729, 3.2 mm WK O
PRI S 25 7 — Vil Enz A F o vy Ber sy
CT—WNERTLE, AFAYO UVBIESREL SO
VBMEBRZOMPBEICIERRENRD SN, fER
DAF N2 VBRIEDZHIRE TH o727 YV H IV =F
VERZY, AFNurBERIED TEEEITE VD
T, TFIV—HAEFERMEEREMMRESRL TV AR
BoOBEWSTICHToEATE2b0 L s 5.

5.2 DI HIVKRUER

PBH # FHEMLAE L T 52 v —HRFEM(LE
Y, BUETIBE (UVEIVE, TANRGIE VR
ROENAFNTANGFVER) OFHOWEETH 72",
ZOFERMMOT I BROYELZ TR VRIRNERET
by, FHET IV BOKRBBRIGEARL-VHT 7 =
LAFNELVLRLVTHHo 7. '

6 ¥ & ®

GFAIF T~ —BOLE R SRR L R
HE R OO CTERAN 2 BEEFEMMETFETH S, £
DD, BB ZHELLBEREOATHNTHZ L
MNTEL, KFEBEOT =2/ =, TIVREH LK
CEEUAN DML EHEEA~OBR L L B, BREINE
FEwmBINE T RICERE, £ B/E ARklo
SEHANERILENTWL Z 28T 5.

BRI, TWH, TXBWERLE T LBRRFEEBOR
W —-BhEaR, ERERELAEEZTROSR MR, hHE

Table 1 Concentration (nmol/ml urine) of dicarboxylic acids

HPLC method for individual determination Spectrofluorometric
Sample measurement
Adipic acid Glutaric acid Suberic acid Sebacic acid Sum (mean £ S.D., n = 3)
1? -5200 2100 . 870 2100 10270 10700 + 830
2" 70 230 120 <1 420 380 = 28
3" 71 88 84 <1 243 240 = 18
4" 66 330 130 <1 526 460 = 38

a) The patient with glutaric aciduria type II (sex unknown, 0 year).

estimated as adipic acid concentration.

b) Healthy person (male, 22~24 years). c¢) The amount was
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Highly Selective Derivatization Method Based on Intramolecular
Excimer-Forming Fluorescence
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Fukuoka 814 -0180

(Received 1 January 2006, Accepted 7 February 2006)

A highly selective and sensitive method with a novel concept is introduced for the assay of bio-
logical substances. This method is based on an intramolecular excimer-forming fluorescence
derivatization with a pyrene reagent, followed by reversed-phase liquid chromatography.
Polyamines, polyphenols, and polycarboxylic acids, having two or more reactive functional
groups in a molecule, were converted to the corresponding polypyrene-labeled derivatives by a
reaction with an appropriate pyrene reagent. These derivatives afforded intramolecular
excimer fluorescence (440~ 520 nm), which can clearly be discriminated from the monomer
(normal) fluorescence (360 ~420 nm) emitted from pyrene reagents and monopyrene-labeled
derivatives of monofunctional compounds coexisting in the samples. By intramolecular
excimer fluorescence detection, highly selective and sensitive determinations of polyamines
including histamine and basic amino acids, polyphenols, and polycarboxylic acids including
acidic amino acids could be achieved. Furthermore, the methods were successfully applied to
the determination of various biological and environmental substances in real samples, which
required only a small amount of samples and a simple pretreatment.

Keywords : excimer fluorescence ; fluorescence derivatization ; liquid chromatography; spectro-
fluorometry; pyrene.
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