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Analytical methods utilizing a chemiluminescence measurement (Review)
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Chemiluminescence (CL) is the emission of light as the result of electronic excitation of the

luminescing species by a chemical reaction of a precursor of that species.

Many CL mecha-

nisms have been studied and utilized to analyze either the chemiluminogen or other compounds
that participate in the CL reaction. Generally, the CL detection methods are known to be high-
ly sensitive and selective. Thus, various kinds of CL reagents, such as luminols, acridinium
esters, aryloxalates, dioxetanes, and Ru(bpy)s*", have been developed and their properties as
chemiluminogens examined. Enhancement of the CL reactions has also been examined, and
several substances such as 4-iodophenol for luminol-peroxidase-hydrogen peroxide CL, pyrimi-
do[5,4-d]pyrimidines for peroxyoxalate CL and quinine for cerium(IV) CL were found to be
useful for this aim. During the last couple of decades, many procedures utilizing CL detection
have been developed for determining trace amounts of organic and inorganic compounds,
including some of which are biologically important. Among the methods, HPLC or immunoas-
say with CL detection is more popular and applicable in such fields as clinical and environmental
chemistry. Various compounds of biological importance have been determined as diagnosis
markers. More recently, capillary electrophoresis with CL detection has become a preferred
tool for the analysis of biological samples available in small quantities. In this paper, the appli-
cation and usage of CL detection in a variety of instrumental analyses, with special emphasis on
HPLGC, is discussed.

Keywords : chemiluminescence; chemiluminescent reagents; mechanism of chemilumines-

cence; fluorescent labeling reagent; HPLC.
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CL detection systems in combination with HPLC

P: pump; I: injector; C: column; M: Tjoint; D: detector; RC: reaction coil;
MC: mixing coil; IMER: immobilized enzyme reactor; RE: recorder; E: eluent;
R: post column reagent; W: waste

(Reproduced from ref. 23: Bunseki, 518 (1996) with permission from the Japan

Society for Analytical Chemistry)
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Fig. 2 Capillary zone electrophoresis-CL detection
system

(a) Schematic diagram of the apparatus, and (b) the
CL detector

{Reproduced from ref. 31: Anal. Sci., 10, 223 (1994)
with permission from the Japan Society for Analytical
Chemistry)
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Reductants (amines, etc)

Oxidative products
Ru(bpy)s®

Ru(bpy)s>*

Oxidation

2+
Ru(bpy)s hv

Fig. 3 ECL of Ru(bpy)s*"
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Fig. 4 Photographic detection of NAGase by LUM-
NAG using POD as a catalyst

Upper spots (A~ D) are with p-iodophenol added (0.1
mg).  Amount of NAGase added: Aand E, 50 m LU.;
Band F, 5 m L.U.; Cand H, blank

(Reproduced from ref. 50: Chem. Pharm. Bull, 38,
1323 (1990) with permission from Pharmaceutical
Society of Japan)
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AHEI CH3CH, {CH2)eNH,
Fig. 5 Isoluminol relative compounds
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Fig. 6 CL Reaction of 6-AMP with 5-hydroxyindoles
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FH L TUF U300 fmol THo7mDEKEITIE, wihd
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Fig. 9 BCl-substrates for enzymatic reaction and their CL detections
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Fig. 12 Chromatograms of benzene/ethanol extract
from airbone particulates

Peaks 1: 1,6-DNP; 2: 1,8DNP; 3: 1,3-DNP; 4: 2-fluo-
ro-7-nitrofluorene; 5: 1-NP; 6: fluoranthene; 7:
pyrene; 8: benzo[alanthracene; 9: chrysene; 10:
benzo[b]fluoranthene; 11: benzo[k]fluoranthene;
12: benzola]pyrene; 13: coronene

(Reproduced from ref. 91: Bunseki Kagaku, 43, 1017
(1994) with permission from The Japan Society for

Analytical Chemistry)
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v N (OPT) #F#EMAD HPLC EBVHBRF SN T3,
Dns #E1K13 0.8~ 14 fmol, NBD & K13 19~ 270 fmol,
OPT #FHERIL 94~ 580 fmol TH b, Dns FFHEMAKD PO-
CLEDREBICEL TV EIEE2RLTWEY, T/, 7
3 /P Dns #FHEMARD HPLC-POCL THEEIZER SN
Twh, 4O ¥ V7 3 /B (Dns-Ala, -Gln, -Met,
Leu) Z#HRA T L THEER, TCPO-HBEEILKFETH
K, MIB 5. HMHTRIZEARELZD 10 fmol & BIKE
THH". WML, 168DF YT I /8 (Dns-Asp,
-Asn, -Gln, -Ser, -Gly, -Thr, -Ala, -Pro, -Lys, -Val,
-Arg, -Met, -lleu, -Leu, -Trp, -Phe) 27 7 L M
WAL, FRENE 307 UHNTHHETE, 2~ 5fmol
(S/N=2) PHINTE 2", ZokiEid, <14 27aX7
#F4 (250 X 1 mm, id) ZHWAZ & T, HITHKRE
L3 TH DY, 4O ¥ > IV T I /B (DnsAla,
Val, -lleu, -Phe) #%0.2 fmol (S/N =3) OEE T
T&5, VA2 RThS LB FEL 79VF%F=
YEETFIVLEMETAE NERKT I BOHICL RS
NTW2'Y, ¥y ViFEAKRO HPLC - L3 5eatilg,
PHVANCLBEHEIN TS, RGO Ay 7253 0%
FoR#FWTHLET 7 I R - EBT AL
i, EEVAERZEETL-0ICLETH), Eduil
AL BURAEFH - FHTAHLTLEEL LS. HE
WENL Y v oAb, SEERIET S &, IRFPERET 2
107"M LRL BT E 2™ £2Pofgdnilizsy
YU VEEEMMLE PO-CL RIS, BE 1At (20 pg)
OB R FENEBE SN, JIABIRED X F
YLFUEYCUMLLL, HPLC 5#ifE, TDPO -#EEE{L
KREZFELRELE L TCRIEL TS, 9y Mk A%
YLFroEmIZ@EAL, #£EHAIE 20~ 100 ng/ml,
WMETRIZFEARET1.0fmol TH 2", -k, #5Fa—
VT I VBEIREL &) W) REMREERES R VE L &
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LToSHEN 2 EHT2FEFICEELARDETH 5,
TVAVAH I VIZE O FI— T I VR ORHEA
I I ENTESL. IRSOFEERIE, TDPO-MEE1L
KEFLREE H D HPLC 5081 C 25 fimol 2B TX,
FRETHO LR T AHRE O 20 fOKE 2R Hh
TWwb, Zo)kde MROERICET L2HE, S3E
TLRAMEEDT» 100 THo-72'"". LI AT, #Hiblk
W13 ) AMEFFREHE L 0 & SRR FNHRE STy
L. BlzE, 7VALRAI VAR RY I COFEMLIC
K7z HPLC it o M6, st 2 H w213 5 251k
FEBBEID L 100 BERESKETH L. Zoflox
I POCLMM DG, FIHTX MR ARKE SN
D, B L - TIEFE S B B SE S T, H#0k
M LD SRESRL 22560855, Z0OM, 7Vt L
AH I ERFBEMMEAICAVSE L LT, BiHiko X
VT 7 A5 Y ORBBEFHNSN TS, SOEHENR
1 HPLC 78, TDPO-#MEILKE L HIRE L LT
WL, BIRKMEEISEA L5, BEERET, 1ng/
ml ORHBBEZHTHDE™. 4 (NN-YAFLT I AN
RZN) 77N F 1T921,3RX2 Y7~ (DBD-F) X
NBD-F & [ilbf, #HHEMEITEACEEEEZ NI RV
B, RUB7 IVHEAESICUS L TR E 5 Z
5. Bz iX, DBDF 2TV THEVWAIDA Y v 724 3
YRUFOEEAEY (7728 3y, pk FaFio
Y725y, p ORI T TS IY, T2 F
INVIT7 xR y) O—FFESIAER SN
6 i DBD-#5E/KIL, DBD-N-ZF LR INVT I V%W
BELr LCHEMRAY T LTIV Ty NEESI-#,
TDPO - B ARFE A SR IEL LTRILT 5. 25~133
fmol (/N =3) OMHBELH LN TWE, FLL,
RHDRAY 74 I VEMOERIZHFIAH ST
2"V, DBDFX7 3 /M, TER7) Y, bt
WD A o o— LML FHS I EHATE
" F 7L U3V ALEFH LT P (NDA) i
BT IYERUSLT, BUNKTHL 7 I XV f]
AV A Y F= (CIB) FHEKE 525", ZoRE%EF
H§ % HPLC-{LFIEFEII F—=83 2, 2L ¥ 7Y
&Y 7 fmol~fmol LNV THRIETER, E8ICVELR
REEDTh 200 THE, B, TV a7BIX
FMZIZDNPO WS NRTW A", FLEL, ) 2%
DTNVRFFI VOERICLAH ST R,
AFA—NTIVE (NI ARATY) , ZERTY 2,

F=r¥32) PFIFLUI7 IV ERIELTHEET S 2
HZE2MALT, NSO HPLC ERBEFHEINT
Wa, I, LA Fa— L7y I EEZFLYYT
IvEFVIA4 UTHIE S #, TDPO-#EE{LKFET
BN -MESE2L0T, ERICHEETHD, HEARY

l} “/’
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729 1fmol (S/N=292) OMHBATTRETH B, KLzl
B LATRETH Y, Ty MBI DA T I—-VT Iy DE
ABoMAEL S Tna'"", 372, ZorFa—iL7
I VEAEGIEEOED (-) A v 7aFlL /) -V ER®
(—)-(R)-1-34-P L Fu* ¥ 72=2)1)92[(3,4Y A b
T EFFN)T IS )= ND Ty b ISEREERE
EH SR, EARTERENR, 1.3 K109 fmol DRIN
PEEINTHE", AU AFa—NT I V8T 1,2-Y
TONZF VL I7 I riFEAs S RURL TEE T )
T4, CORNENTFTI—NT I VEOT LI T AHEL
LR L, FEgL R0 h T 5 THEEK, TDPO-
HELKFELREREL L CRETA 20 TES. A
BCamol (S/N=3) LARNVOBEESERL TV,
VIFYriE, sEETHhAEF I YT 22 YERK
ERUBHMEDO N-e FR¥ v A2 V4 IR AT VER
L, TIyERIBLTHEHEREES 2D, B -TIVEDR
5 (50T, 2040 AET I EDRIE (70T, 120 4)
IO EHwn, XRUFAMT IV, Kuyvy, F73IV, 7
T % H FEAR L LT HPLC 4%, TCPO - #@EE{bKk
FRIZI DR, BT 5 LEART 15~100 fmol (S/N =
3) OMHBEEZB TS, Thid, BB~~~
10 BREOHMKTHL™., 7IVHOMTIIHVLND
FEARLEAER Fig. 13T,

4°34 AR ZIELEHMDOEBNDICH K=
MEEWI S YN FF VY BNN-VAFLT I/ F
TEL QAWK FS YR, Dos-H) #HVCHEEHE
BT 2L TES. fl2E, M¥EFoFF Y AT
4 F#, T3 VIBHEBOIF LI AFUER, FLVEEY
uv 7574 —TCHEE SHRAITLATHEEL,
TDPO ~BREILKFERECTEN - MU TLEHFTES,
INFARAFAY, FTAMATEY, TRQFXATO SO
BTHRIEFNRENS, 2, 4fmol (S/N=2) THAH. F
72, BEAFFVIHHETH S, Ta-k FO X3 4% -
5-2 5 VBB IV AT u—- U ERKBERTH» S
nmol/1 LNV THRIHTETWA, 3a- it 3p-v FaFx
Z5FaA4F, 8- FoFis5alL vl SLrsFrIF
=, 57 L% y3B208-V A=), 5-T LT % V3B,
00-VA— NG ERBREEZATHATOA NI, BEE
ftLzzerudizyusf FFe Fosyr+F—E¥Ts3 4+
VATFUA FICERE, DnsH THEMRLT A LT
X5, IhomHMHRY T LD HPLC Tk, {L¥%
W3 5L, M fmol LNV THE TSI EATE B,
Dns-H 3O #EFE LRI A SR, e 7o VB,
Iy a4 FUEE, FARY CHRBR EOERS TR
Twh, e7rary@Bee7ilumy—¥SD TRMD
DY hS5A NTHDHADHA IZEH L, DnsH & KIGE
HHOEHERE T2 (Fig. 19™. ML T, arFu
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N(CHa)
>z [:::[CHO
I CHO
S0,CI
Dns-Cl OPA NDA

Fluorescamine

Luminarin 1
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CHO =N, =N,
CHO N N

NO, SO,N(CHa)2
NBD-Cl: X=Cl .
NBD-F: X=F bBD-F

Fig. 13 Labeling reagents for amines used in PO-CL

COOH  CH,OH N(CH) COOH  GH,OH ¢ H-NecHy),
o) o./—OH
e GO - T — ) o weal
DN, @)
OH NHAc SO,NHNH; OH NHAc
Adi-HA Dns-H

Fig. 14 Reaction of Adi-HA with Dns-H

A F VHBER TNy CIRBLABHNOYY vy A5 4 FIZ
ZH L, DnsH THERILT S, ThooVFyhIq
FIZiEAET 100 fmol (/N =3) 2 TE, v ME
JEREMEH O Z NS OSHTICEN S TW S, B/
HOA LR NMEEY RVATLVFe R, TR RT LT
v &, 7 b)) @ Dns FEEKD HPLC- PO-CL HHFE S
NTw3. DnsHEF—F AL A 2ARTIRELLD
DFH—F) v VICFEL, TRICEREFBELTHINVER=
Mea % - FERILTHLDT, ¥ 7 ppb LN
OMIBATETH 0, LENERETY YT Y7 TE
BT RUVTFHFEIRD A(NN-TVAFNVT I ) ANEK
SN TR RFY 213Ny FF YT V=) (DBD-H)
EENBAEREFIZHVEB LIRS VD, ARt
HWERIS L TREMRE 525, AR TUYATRYD
AfFgFsraurirFary7ieyr—F (MPA) EHH%
TurA5aAEHETH LS, DBD-H & S L THE
KEERT L. WELrAVEEEOEE# X, 156~
96.6 ng/ml TH 0, #HH FRIZ9ng/ml & HEET, M
BT 100 W THE., WEMRAEERE, Tox
¥ F7 49 o DBD#FEME (Fig. 15) ® HPLC-{b#%
FHH L RET X h, TDPO-BEEbARFZELHVA50 - &

SO,N(CH3),

0 0 ?HZCHZCH:,
=N, HoCC-HoCHCH,CHAC N
- 0 + | >
N J\ %
o”>NT N
NHNH, |
CHs
DBD-H Propentofylline
SO,N(CH,),
/N\
—- O
.
N 0o (IJHZCHZCH3

NHN==G—H,CH,CH,CH,C., N

0

orIqN

DBD-H-Propentofylline CHa

Fig. 15 Reaction of propentofylline with DBD-H

T, EARYZD 0031 ng DEEEZHTVS., K
Sy MY M7 4 ) Y EEER, MiESHEEO<S 7T
FATY 2L ESNENROMUEHND THHE
M7=, BER, 1B T TOBF T OEWIREOHEA
T THolz. LidoT, Mgk 2UETL2TEEDS
LEHOMNEEZARLDII, FHLZFEDO—D2TH5S
LELNLY. $TFTIITINAT U F BT AT FRY
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N(CHa), 0
(O CzHS\N)i
S)\'il 0]
SO,NHNH, e
Dns-H DETBA
/C(\/\[CONHNHg
(CaHg)oN 0" 0O
DCCH

o
HsCO N._O
XX

6,7-Dimethoxy-1-methyl-2(1H)-quinoxalinone-3-
propionylcarboxylic acid hydrazide

KAGAKU Vol. 49 (2000)
NHCOCH,!
Je
(1
(CoHs)oN 0”0
DCIA
N(CH3),
™\
S0,—N  N—COCH,Br
A
Dns-BAP

S
| \>—©—CONHNH2
N

(J "

HCPI

Fig. 16 Labeling reagents of carbonyl compounds and carboxylic acids used in PO-CL

N OBGFEEILCHHEATHE™, =y I7 N
Fe §F (MDA) & ABMEEOEBEILEISIZE VAT
LORERYTHDH, EENERILEEOY - -2 L
TEERLEWTH A, 72, DNA~OTIPIIREIA
e OBELIHEINTVWS, MDA 2-F A /3L E Y —
VR EREOBREFZTEET L7200, ThEAHLAES
WAE L S TbRTE 7., HPLC~OEM L HEELE
272D fs OF + 50 E Y — VEEH BRI S 1,
a8, BAFEMRMERAEELLT, 1279722
NQFF NN Y — VB 18-V TFN2F ANV E Y —
VEE (DETBA) M THDH I LAVRENTZ, MDA D
DETBA S84k 2 BMHRD A T 4% T HPLC 7 #Ef%,
TCPO-#BBILAKETHEXESE L L, 20fmol (S/N=2)
PRI TES, TOHEER, T v MROEZESH O MDA
EFEICMOTHEA SR TWE™,

4:3.5 HIKCBOFRHADER H R D
FFEAICIE, 4T RERAFVIAIFI I >
(Br-Mmc), 7-YVZFNFT I/ 07 v 3HNVFRe KTV
F (DCCH), 7-VLFNT I /)3 [4I—FTELFINT 3
)7z V]4 AF o<y (DCIA) ZREDI <) ¥
FHEAP LI HVONED, BERBIZLS2FHEHKRD
TCPO - B8 ILAKFEIZ & 5 PO-CL % 5Fffi L 2% %, Br-
Mmc OFERIIREEE Loz, Thik, FEKE
B ADIPELIANVT PRI TR VD E

Zi 65, B, DCIA DFEMRIZEHBIBEICH L
1K fmol L NV OMMEE % 5 272, NA(70ET £F
W)N[(FZAFNVNTI))F7I VL ANFZN]ER
53 (DnsBAP) DA VKV BEOEIGHEMLREL L
THI% &, HPLC-PO-CLIZH#EAI SNz, 1827 57 V-6,
REEAKFEH T AOFEEL, TN rEEP, 55C,
30 5 CRHEEMRILT 5. FHARS 7L THEER, YR (=
fov o) F 4L — b EBEEKEEZBLREICR
Hta, 43I VAORBKTHLLT /4 VEEOKRT
TR 25 fmol TH B, 6,7-Y A b F 1-X FIV2(1H)-
F)FHY )3Tt nh R BE P9 YRR
EDC, DCC ##Mi&#lE LT, 79% F VEBERABYOEN
FEMALICH SNz, TCPO - BB KR & Rk &
3% HPLC Ol FRRIX, A& T 500amol (S/N =3)
CHEFICEEETH L. 24 KTV T2 )A45-
U7 x4 3IFY - (HCPI) bIEEEO#ET NV
{LICHWE ZEHTE L. EFHAERETIE, 12~18
fmol (§/N=2) DEETH L. vwIFhde MiiFho
RO ERICHWDLZENNTE L, /2, (VT FN
TINNIRYUIANKEE FT VRN 5 g™
bHNERE Y NVEOHEAFEMRCIHEH EN, PO-CLIKR
HC, #+ fmol DRIBEEEZH TS, POCLICHWS
VR Y BROBNFEBCAEE Fig. 16 1ITRLTZ.

436 FA—J, FIA—=N, T/, TOHRD



SR R
0
IO
(HsC)oN 0
0
DBPM

Lissamin rhodamine B sulfonyl chloride

Fig. 17 DBPM and Lissamin rhodamine B sulfonyl
chloride

EHAINDIEA F A — VR ST I a2 — VOB
A PO-CLICFIH ST B HIIEMIA v, F4 -1
HoEbFEMMLIZIE, N4-6-VAF LTI 2RV
75ZN) T =T LA 2K (DBPM) AHH IR TW
4. DBPM IEI0~< L A I FROF & — Vi3 L F#,
ZNEMIEEETH LA, F4—VEE S L TREN
EE L Ld, IS DOHEBGIDH SV id HPLCH#E
MIBIZHH S TS, #HEORELY LiF5 0,
TCPO - W EE (LK E R NRAE L v 5 HPLC-PO-CL (23
Hlahiz, BAENOBILEICE b EER%H T B3 70
FFAY, VAFAY, NTRFAL AT A >,
TIVREDERFF - VERLRI Y FHLVIIESE
B#EDN=2T I % DBPM & 60T, 30 4B RUE & &
7ote, WHMARA T LATHET S, FHEKIIH 12 5 THo
Sh, MIBTFRIZ7~113fmol (§/N=9) ThHbH. Fv
MBSO IV FF R A5 4 VOERIZEHR SN
O X RNV = MER S SEMAMBL, ¥
UVEHEBRE Lotk WARO N T A THEE - BT B )
EARE SN/, TCPO-BEE{LAKREZE- V) ZF AT I ¥
TRESELE, 50 pg ORBIBIENE HND. JEE, I
MDD HPLC BIEF A% { & o T 525, PO-CL 13 H
HHEEL D IERERERCHRBERT 2HE0% <M
FOMBISEL TWD. AFEIZIEMR® HPLC 2 PO-
CLEBRHLZBLBwBlo—>THE, 72/ —VH
OWNFEEIE, VI T—FIVBALKI LY
oY FEAWTITbhTwa, O—¥% 3 VFERIZHEEIN
AR, BAERFPREBER (>550nm) 2d 57290,
Wy 2750 RENOBEN PRI R, EETER
EPRKEZHE L 2R EORENH D, RFEHRLEUL
BIEBISRETHY, B, 19T, yoorx/—
NOHJH I ra—% 3 v BHERE AR IEHZD
NTLITE B, LEBEHRNTLE, IR
pg Ly VTHIMTE S, 2, WIAKICEIMLzNRY S
yana7 e/ —VAHILEZL LT 0.8 ppb DIKEIETLK
WMTETWE"™, DBPM RU'UH I 0—%3I v B AL
FZpral) F& Fig. 17\ RL7.

Zofb, VR BEOFERLAE, DCIA (Fig. 16)
BPAPARIE LTSI TW A 7040 ) 3 V0o

VAT
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WHFEMLIRAT LN TEL, ZZTEIIY >
I—=FI) - ) ARV S, 57 vy S
W, 57N AUTY Yy, (TR FR2T7 T D)
5-7 04075 ARt fmol LRIV THRHTE
U Ak v EEEFL - FRE, sk FaFY
F oy rTHEEMEOSKE Lz, FlA H 5 Wi HPLC-
POCLERET A I LNTESL. 7w AaID, Wi
(D, #¥IT40D, 41 T4 010) D FIALET AR
T BRE 20 ~ 70 ppb TH 5.

4:3-7 BEEKERVCEIThE4E U 2BFRICEEOEH
BEZOIEA PO-CLD G ) —2DEETH AL, BEE
ERZERTENEELZBEROELD 5V IEERETO
EEREME DS OfFHE S TwS, FHllhEE LT
&, Ny Tk, vu—4 ¥ gy, HPLCH:, B
B EEB R HENSHD, BRIISLTEFRLERAE
N5, PO-CL OBALRIEOIEH E LT, e 0Bty
HREF S NToAs, ERBRILKESROENTEBY, BEHHM
ENTVD, AREHEA AL CREE{bAZEZERREL
WS B2, MEAOEMESELL 25, Fig. 11
R LAV E) Y E— VIO HWIE L7 E o —
DTHLD, BIZHEORERARTERET L2720, $H
DEY I F[5,4d] ¥ IV VNGRS, SIS,
FHMAEODT, 24687 PFFFENME) JEY I F
[(5,4-d] ¥ 3 ¥ (TMP, Fig. 11) 3E L 28eimE
O TIERDMIRE 5 2, BEILAEOEREICEL T
WA EDBRASHIZE N TCPO - BEE{LKE - TMP
OFENFRERHLCT, Ny FEI2L), 1x10°MOH
BALKRFZEEAEETLIEDNTE L™, BEELKE % ¥ H
BT LTHEEE, TCPO-TMP D74 b= b VRE
ERAMIT ARNGREL LT, 8% - BRIBT 5 HPLC
WiE, PO-CLBHBIZEIZ2MDTONETHY, 188 fmol
(S/N=3)(9.9%x10"M) ORHEE,IELRTWE. Z
DOHEZHHL T, 2—-FHKkD LV IEHEO L Fax
VA F D FRMEL EI2E T N DEME OMER{LKEHFH
ENTWB", v—5 3 VBRI 2R
TAY, ANFU—F 32101 FHEHIZH S FIA #:13
TDPO % BLRAEIZH VT, 3x107°M OBEILAE %
R TE2EICHRECHELFETHL™. /2, 3
TIJ)INFG YT ERT—HFATEENL, HE
ILEEERZFIET S FIAETIZ 1 X 107" M OB K
ZEBTWEM,

IMER Z M4 25E1E, 2R L 910, BEEN
SO BN R EEOEE LM% 012 B L TEN
FHEERTE LTINS, Bz, 7u—FRoFy
VY —dmi RER), W, pH, RUSHE, B, b
REE OGFF4 L — b, #HUIRAD, AR SESE
CHHTLIUENEDS. -7 3 /B F L ¥ — YD IMER
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RFELT, MO 1L-7 3 ) BOXRF RN HPLC &
PERESN, BRV—do -7 I/ BoERICEASH
TWaY, Fra—R+F v F—FELy) Hh—ED IMER
2RV, ALFEREGRAEIZ TCPO-TMP ZFHT A7V a—
ARREED FIAEDRESR, b MEOERITER S
hTwb, REORLENAETHY), HRMFELZEAT
L oEER FiETHLY. VI - VERHT S FIA
EkE, MIETERERFETHY, BRSH L ENORH
AHIRFEND., KIHRRAOHBZENEO—D>THAT
EFvaY) ViGEHR Y T LA THEER, TEFLD)
R5FF—¥ R FF =¥ EREENALIAT A
L0 BEBEKFIERLCERTESL. a) Y HFERISE
BTE, THEHMMEEIFEART 10 pmol~ 10 nmol TH
2 7 BAFVY—-YrEE(Lr T A AN
THRELKECERTZ2ILT035%X10°~3%X10°M
DT I/ BEERTEEY., BELERKSTHE T
vER) YIRHEDOFERIC HPLC & FIA #0072
BERENTVAS. V) VIREREEESE S, ZO5EEC
WERLEISA (FI2TOENBHS ) AT VAT L)
PBRETHL, A0 Y EHY) YIRE LK, BE
BET 5. BEWIE Triton X-100 KBHFISHEMRL, FX
AYNS—ED R ¥FF Iy —VYEEELZH T
LR AAA T FIALER AR THET S, ThIZX
5T, kMLETOI) Y EH) VIRESHETE ™.
T, PADT—H—LLTEHIZATVWEER)T7I VD
WEIZ, POCLAHETES. RV T7IVEHMRY S
LTS, FI)T7IvEFVy—¥EeTS Ly ot F
¥ —-EOIMER #EL, £ U 28 LKEL DNPO &
8T =Y I F7F LY ANK VB ERERREL L TR
5. 5pmol D7 MLy ¥ UHREERBRIBTE 2", [
L, BYT3IVRUZOE T F VKL, HPLC 78
%, TEFALEY)TIVTIFeFOos—EES Ly ¥
yAF VY —EREELZ IMERIZHE L, TCPO-TMP
EFRAMY S ABHRARICHCTERERCKRITE S, K
)73 U OBEEZERR T T VDN ELR & DORRILES
BERICEELTWA I EDLS, Yy 4 Ed0R) T3
COPEICERE IR, Ny FHEIZLIOVEVE VBO
ERIMET SN, EAMEVBFF I —HIZEDEVE
VEEEBBBAKFEICER LBAT 54, BRRAKIZIZ
TCPO-_) Ly AMER SN TWw5A, KETIE, 1x10 °~
IX 10 M OBETERFTETH ), MFEFOLLVYE

CEEERICEATE ™.

4-3-8 MBEROFIA, TOM  POCL ZfL¥EHN
AL 7y ORBFRICHATE S, BEKSIZXY
EULBBILAFELRBELT, 1Ta-e FRF LTI 7R
FRYRFOF Yy RENERTESL. FEEZAHLT
HAWE R ARILAEZELBRH T2 HEFRIFE LT A,
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HHWEORMIEI A FEEZFMALT, MEIIT)
ILHATES, BRBEEICARY FELTHEL, 20
KELEHLEEESNS, 1,107 = F >~ Fay ¥ - @il
AERUNI 7 — V- BEILKEROILFERLZFHEL
T, L1007 =) > Oy rR gk EhER6x 1077
MED2x 10 "M THRIEERTWE, ¥ 3 F[54-d]
VY IJUvHERPO— I VB R EOEEYEILN T — X
Ky FELTHRBEH, FhooBEERNHES T
5. EID, WRMERIELTYY I FB4dE) IV
HAefMEL, +%4%3 Fidida4- 433 Y L-ER(MY)
INFRAFNANFZNVA I 2] P AFLV-EA (4
AFWENR)ZTL) MY TNFERAY VAN FLR—b
RHVAEEER, b MRV I- A0 ERITHE
HERTwaE™, 7o, GERMBEZFIHELL, Bl b T
MR LR 4 v A 1 RIBUR 2 BT % 720 DL FEFER
BERISEEDRE SR TR,

ZoM, BV 7 I VARG EREL, BALEHEETS
CERFHEL-EREVCHEEIN, P FHROKRYT IV
DEBIZEHSRTWAS". £/, TDPO & ALk —
FIVERERBIIAVAT I VHOFIAPRRE IR,
55 O T I VHORMAME EN TS, BIEKEE—7T
IVIE~12X107°M, BV T7IVIR~T7X100'MDE
WELREATE, ARTBOL RS I VERICEHSNT
WB, —F, Vo BRRL T4 ) CEHOERIZD
PO-CL WA TE 250, FIzE, YavEidz s
J— )i, BELAKE, TR (ra~ndFi) i dA
IF (DCC) RV 722N T7r S5y E28EREE
T5pH1 ORIGTRENT S0, ThEERIIFMYTS
SENRTESL, AULLMBERDO Y 2y BOEEIZHLEAT
X5, ¥, BN74) VHIIIOPOCL BT A
Emsh Ty, RELZDCCRP T avBAI ) T L%
AWTEL7 4 ) YL BHEEUET NI, RPoOFV
T4V YNERTES.

CE O#HIZ PO-CL BRI S Twa, BlZE, ¥
YNT IO CE-POCLAMRE S, UVRIILD B
35 BRI TETWAEY, F/, YYMET VT
IVARIF I RO ARV EOBELEERETE
WKL, CETHEEELEJIBETLILEBRAVEZEEN.
22T, TOWEEZFIHLT, ThoOBEAGKE SHER
POCLMHT 5L, 5X107'~1X10 *"MOT VT I ¥
A, BRI TFMR2%x10"M (4fmol) TEEBTE2'™. #
D%, BIIREIREIN, 1.7 fmol PHMBTESL L HIZ
HoTWAE"™, CERY VS EOFEIZMVTBY, &
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Fig. 18 Relative CL intensities of lophine derivatives

Number of x-axis correspond to the compound number.

of lophine was arbitarily taken as 1.

A relative CL intensity

(Reproduced from ref. 166: Anal. Chim. Acta, 303, 103 (1995) with permission

from Elsevier Science)
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