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7R TENERIGE BT,

DCIA FERDSHIIWHE 7 O~ b 75 7 4 — CIFOBHIZ I

FFIeE V7. (EFF61E DCIA-Bis(2,4,6-trichlorophenyl )oxalate—BE{L K ERIT & 0 564 X & 77,
RIGSMHE, 70< 757 4 —ZMROBERLE EDRBELET - iR, HFEELanRB0BH
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¥ 1YY RO Z QBB A O E B ISHERRS OB
RICBWTEETH O, WMEEBE B %2R
W, PORBEICERYTAFRAKOLNTVS. Th
SORMIDIZDIZT VA A LT veAD, GC-MS? %
UV BRHEY S EC LA EBESRESN TSN, K
b chd o120, SffiskazrEE Lz, BIE
RBESERLEVEEORRERBLTVS. 22 TEY
IVULEY ZERNTEREICON T 5 120 DFB &
U T HPLC OBRHRICIEEREAZRHT 52 & 23 H
Tz, (L3 HPLC OFB & U T LERNME % 12
R &9 B SHTEY & B E £ BOLERA S 3 5
HEID2ENEE L TEAONS. BHEDHERIILED
FREEUMEOF D HE ) IV VEEYERIEL R TV
LEMeRL1:H5EOBENICHEYLTH B EEZ 1.
B, BENAMEMEE L TR AR VBT VLH &
UTH% s iz, 4-bromomethyl-7-methoxycoumarine
(Br-Mmc¢)®, 4-bromomethyl-6,7-dimethoxycoumarine
(Br-Mdmc)” % O 7-diethylamino-3- [4-( (iodoacetyl)
amino) phenyl] -4-methylcoumarine (DCIA)® D3 & % 3%
A2, INHDHE Br-Mme & Br-Mdme 13Y Y 39
MEEMERIGT 5 2 EDBRICA H N THB U0 HE

¥ OEEREERIAE 607  SUERIFRUER T LR B R PIAT 5

i

BEEZVES P EBE L. BHIZDCIA IZOWVTH
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LS DRE I TEBRES W TEH 74 by
AT 4 YT (PC ) 2ICHT A &8 A7
PCETRIXBFORMAZ 1 B4 0DAY v P
(cps) ELTHIET BIzeh, RRELDXNKEL D
RREWHB., ZDIzHT =% —F/)S—VFravy
2= —IZANUIBA L= v T AELTH 2 & D%
RIIODVTHEREZTHo 12,

PEo &> BHROHOEBE LTH L LHFIE
UCTE<HWS N TV S 5-fluorouracil (5-FU), 5-
fluorodeoxy-uridine (FdUrd) RO uracil (Ura) %580
{LEFHFE HPLC ~NOIGHZR A 17,

2 =% B

2.1 & X

5-FU, FdUrd, Ura, 18-crown-6, Bis(2,4,6-trichloro-
phenyl)oxalate (TCPO) K EIEHF X7 AL
7z. DCIA & Molecular Probes #+ &£ ¥, ¥ Br-Mmc X
Br-Mdmc & Sigma L OBEA U, ZOMOEBIEKRA
BT RTEERERO. aY FO— Vs T Vb
DIOEERSTHO LD 2BV, b MIEZREART v
TAThoBILORFERHLI.
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Fig. 1 Schematic diagram of the HPLC apparatus
with chemiluminescence detection
I: injector; Mix: postcolumn mixer; P.M.:
photomultiplier tube; P.C.: photon counter;
R: recorder; In: interface; C: computer; D:
display; P1: plotter; Pr: printer
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BHY AT LADOBEES Fig. 1 IKRLZ. BEHEDOR
V7 E UTEE LC-4A, VEERAREROKR Y 7 &
LT HAS K BIP-T, B FHEE R ERA b =27 2
R-585, 74 bV A V¥ —XEMA =T X C-767,
=Y F)Nav¥a2—4—IL NEC PC-9801E, 74 27
L 4 & NEC PC-8853n, 7'V v ¥ — i3 B UP-2000, 7
T v ¥ —id EPSON HI80 %2 ZhF N7z,

23 O NTIT74—

48D T 5I21E Nucleosil 5C,g (Nagel #) #E X 200

em W 04em DAT Y LAAT Ay 228l
J %y H— GPP-085 ZHWA T Y —HILL->THTA
U7, B8 7 b= bYVEY VEERER (4
mM, pH7.5) @ 1:1 BRZH VL. REIX 06
ml/min 12U 72,

24 {LEREARICER

TCPO iF 44 mM BEEE T F VAR & U, HyOp 131
M7 bbrBKRELE. ZRENROBEORER 0.7
ml/min EUTIFVY YT H5 A (BEO04em, X 20
‘em DH T LI 200~400 A v Y 2D CPG T A%T
TA) TREURE, DD T L0 5 DEHKERER

&Lt

25 SANIHERIS

Y IV LA DT 1 b VB %E 100 ANz 1
ml @ 4 YV OERE I DCIA B (150 ug/ml 74 b V)
% 50 ul, 18-crown-6 I (15pg/ml 7t b+ ¥) % 50
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pl, # UCTHEKRBA ) 7 L% 500 ug A T2, £ DRA
B % 30 HRBT P XRE LTI WERIGEET -
1z.
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LOEHV, FIAEELT, MBS Ml 22XV 7T
VT 4IF — (Y AKRT UFC3TGC00) 1IZ ANZEILT
HERE (1000 g, 20 43) TR LU 7218, £ DK 0.1 ml i<
FEEE T F )V 4ml 2% T 15 DRV BEEHE 27 -
. FABRKRZROSE (1000g 549) %, BEED
3.5ml B UEBRTKMHP CERZEL, 7 hY 01
ml 22 THRBYW AR BABRLUBKE 7 NV ERIGIC
U 1.
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EEFHAE U SR T 0ENERLAORME LT
BLEMOEN &, SXERPRERBBICTFET S
&, NBOHNREZETHIEBLEPBREELINT
WA, D& Br-Mmc, Br-Mdme XU DCIA D)
2, HNWE &R 2 HRICHEOKRD Table 1 12
RUT.. X DCIA 3o 2 EER L O ETHERTH
57 I/ EEFELTNSHBLBELAIEL 20, Fhik
—EEREABITIEE AN —/NELTTLEE
Zbht. ZhHDEEIE DCIA A Br-Mmc X Br-
Mdme & 0 {LEFLOBIEFR MR E L THEME I &
ERBLTVWS, CORDEZEDILEREEZREL 2 &
25 DCIA KDOHREHMBRD LN, XRINHDHN
FRMERITE) 3V v LEMEFBERIL L 2 b DML
HENEE U2V HDHVIBIHEET HAREESEZ X SN
. CORHEFEEOERNEZBELILEIS
DCIA FEEXIZOARAENKRD 5z, £ 2 T DCIA

KB IV VEEMD T NMALD 128 DB %
REd U7z
Table 1 Absorbance, fluorescence wavelengths and
quantum yield for coumarin derivatives
Derivatizing Amax/mm Q)
agent Absorption Emission
Br-Mmc 325 390 0.02
Br-Mdmc 340 420 0.24
DCIA 403 475 0.51

a) in 80% methanol ; b) quantum yield
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DCIA X7 b vYBRELUTHW, 2 DO@BKIEY
T 0~3°C CHRETIE 1 BEIEIEETH - 1.

I RISEBEORKRE %17 > 12, 5-FU, FdUrd K& O
Ura BEZT 2 bV, I XFNVANVALT I F (DMF),
T b= bYW (CH,CN) ROV AFNANKFY R
(DMSO) IR U, EBROED 5 S WALBEICHE->T T
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m < s oz, XBBHIZK§ 5 TCPO & H,0, DIRAE
EEBEULEER, MEHLIC 0.7 ml/min & L1, BIiC
BERIRNER (Wscm) TEVARET S L5
Ufe. 3% & 5 2 2B TFHEEICHT 2 ARERFI
DVTHREI L. BRMEE% 500 V~800V F &L
SHNREZAZDEER LRI 56> TRIERE L
MBETE LN, Nv s 759y FERBICERLT
. DS S/NHEAFREREE OBRERD 12 &
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Il Il
o-Qro-t-t-ofD-ai + mo — | LE | - 2o ()~
Cl Cl 0-0 Cl
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00
[
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0-0
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(B) ﬁ ﬁ 0
NHCCH,I sonicate NHCCH,
CH; @ 2 0 in acetone CHs © \NJE/F
A + Hy ] F for 30 min aN O%\N
— H
Et—-II\J 070 OJ\E K2CO;, 18-Crown-6 E(-N 00
|
Et Et + HI
DCIA 5-FU

Fig. 2 Peroxyoxalate chemiluminescence reaction
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FOBBIAERICESNT 5-FU, FdUrd XU Ura %
50ng % 0.2mlD 7 £ b YT T XA LILFFE
HPLC TR U7 a~w h 77 A% Fig. 3 IRLTC.
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Fig. 3 Chromatogram of chemiluminescent deriva-
tives of a standard mixture of pyrimidine
compounds
(A) blank; (B) sample (1:5-FU, 2: Ura, 3:
FdUrd). 5-FU, Ura, FdUrd:each 50ng;
DCIA : 10 pg; 18-crown-6: 1 ng; KoCOj3: 500
pg in 0.2 ml acetone; Mobile phase : CH;CN-4
mM phosphate buffer = 1 : 1; Flow rate: 0.6
ml/min
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TRETHEHDITHEEDILHD2ENKEL, T
S/INHHFELRBDHBBRRKDOREREL>TWVNS. ZD
IEEE LT AL—Y VY I RITURHBRA2A LS5
ZERRAN. AL—V Y ITORFEEULTIZEABEES
EPEBEWZ. ZOFRIBERESEY Y TIVERD
FECHERMBRTCERTEHERELT, ZOHIHEN
TR/NFFRE I E S S PFERE & 2ENRZEES
XYL EETHS. SEF I BITEIZEBONS PC D
Fe BT NRCA VI =T 2 A AN UT—ET A X7
TN, BIERTHBRN® sz 7 -5 2FOHL, =
K- ERBERBEEEICLHEEQNHE U2, T4 A
TUARERLUK. 58, BARICKHELSFBRIEEIC
1 Savitzky-Golay ' ic kb3 v K2 —-YavzH
W7z, Fig. 4(A) IZid e PMEF D 5-FU, FdUrd XU
Ura 2BIET A0 70 NS LB ALV VT
UIWDOVREETR U, FhENOBERZEART 5-FU
10 pg (80 fmol), Ura 50 pg (450 fmol) % ¥ FdUrd 10 pg
(40 fmol) TH 5. ZDRETIX /N WETETCER
AW H NSO, Fig. 4(B) 13 (A) OREZ 5 f5ITHK
KLBIELLZHDTHY S/NILOEXIRETH 5.
FoTIoruav b Ia% 15 REBLETo0E D
5 (C) D&HIIEY, RERO—IRE LUTHHERT
XBREE Lot FRLETO ROBOBEH 21iT- 12
EZAH I EUTTCRAL=Y Y TOHRBPEL, &
115 B ETR REbahT ECE—rg3oRd L

[ ]

©

....................
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Smoothing effect by simplified least squares procedures

(A) (B) no treatment; (C) convoluted chromarogram (convolution
number: 15). 1:5-FU; 2: Ura; 3: FdUrd. 5-FU, FdUrd: 500 pg;
Ura: 2.5ng; DCIA: 25ug; 18-crown-6: 2.5 ug; KyCOs: 500 ug in
0.2 ml acetone
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Table 2 Reproducibility of pyrimidine compounds
in serum by chemiluminescence HPLC

Recovery, %

No.
5-FU Ura FdUrd
1 75.7 83.2 82.0
2 75.4 82.1 80.9
3 75.9 85.6 81.2
4 79.8 83.5 77.6
5 76.7 82.1 81.3
m.v. 76.7 83.3 - 806
s.d. 1.80 1.43 1.72
R.S.D., % 2.34 1.72 2.14
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Fig. 5 Relationship between chemiluminescence in-

tensity and amount of each pyrimidine com-
pound

DCIA: 10 pg; 18-crown-6: 1 ug; KoCOjs: 500
pug in 0.2 ml acetone. (@) Ura: ¥=0.301X—
0.030 (r=0.9993); (M) FdUrd: Y =0.298X —
0.031 (r=0.9991); (M) 5-FU:Y =0.299X —
0.029 (r=0.9994)

ZoTHENIZ DEDHRED, PCEICAL-YV VS
FeBHT 5L EREHRANTH VELHEOBES -]
NHHBEAEZN 10 Z LRI S5 2 S REE T - 12,

3+5 EMNERERER
fH AM¥E 1 ml 2 5-FU, FdUrd, Ura ®#& 250 ng %
BIMUTHM U AR EEEYE 2 O AT ORER %

HE U, HMINEKE U T Table 2 2R U7z, XEBMEIC
DT HFEFFIC Table 2 IR U7z, fiE & b BTk

R/ on, FICENRIZOVTIIEREL VBVEE
ol BIZIhsDEYEME Tml 24720 1.25
ng~250ng OWEEHETHRML, T (LA FEE D

&, WLk, K, B, 5# : HPLC ItL 5 CL BRHHD 120D E ) 39 LA D 5 ~ it 265

B 4p $ o2 EAN (HEAEICTL T5FU: 38
fmol~7.8 pmol, Ura : 45 fmol~9.0 pmol, FdUrd : 20 fmol
~4.0pmol IZHHY T B) LTHESNIRERZ Fig. 5
WRU T, SEIBAF U 2L 5% HPLC-PC #& ik
ZERBAEAL -V VY 7RI LB EBEORHER L
S/N % 2 & UeBE, HAET 5-FU: 19 fmol, Ura :
22.5 fmol, FdUrd : 10 fmol TH - fz. Zh 5 DEIIHEK
DEI T ROALE T RE 20~40 fEDRRE L5
CHN L, Z0EBEMITERINARERE - 1.
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Precolumn derivatization of pyrimidine com-
pounds for chemiluminescence detection in HPLC,
Shigeru Yosuma, Koji Urakami, Masahiro Kiro, Shigeo
Takesaima and Shingo Hirose (Kyoto Pharmaceutical
University, 5, Misasagi, Yamashina-ku, Kyoto-shi, Kyoto
607)

Precolumn derivatization with 7-(diethylamino)-3-[4-
((iodoacetyl)amino)phenyl]-4-methylcoumarin (DCIA) is
utilized to improve the chromatographic and detection
properties of pyrimidine compounds. The reagent reacts
with pyrimidine compounds in acetone in the presence of
crystalline anhydrous potassium carbonate and 18-crown-
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6. The DCIA derivatives are separated using reversed-
phase LC and detected using chemiluminescence gener-
ated by the reaction of DCIA-Bis(2,4,6-trichlorophenyl)-
oxalate-hydrogen peroxide.
reaction, chromatographic and detection conditions, the
limits of the detection were 19 fmol for 5-fluorouracil,
22.5 fmol for uracil, and 10 fmol for 5-fluorodeoxyuridine
per injection, with a linearity of two orders of magnitude.
This chemiliminescence HPLC technique is useful for the
simultaneous determination of 5-fluoropyrimidines, used

After optimization of the

Vol. 39 (1990)

as a chemotherapeutic, in small volumes of serum.
(Received Novemver 18, 1989)

Keyword phrases
chemiluminescence  HPLC; precolumn derivatization;
pyrimidine
fluorodeoxyuridine.
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