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Figure 4. Plot of ratio (RAT) values vers
chromatograms shown in figure 3.
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scheme with LC separation and with fluorescence
(FL) and chemiluminescence (CL) detection of
catecholamines and other biogenic amines in bio-
logical samples.

It is well known that electrochemical (EC)
methods offer high sensitivity detection for LC
analysis of catecholamines in biological samples
[1-5]. Luminescence detection methods, such as
FL and CL, are also capable of providing high sen-
sitivity detection [6-9], particularly when the
weakly fluorescing amines are fluorescent labelled
[8-14] by derivatization. Fluorogenic reagents such

30 40 as ortho-phthalaldehyde (OPA) and fluorescamine
(FCA), which are specific for primary amines
[15,16], have been used to enhance the sensitivity
of catecholamines for LC analyses. The OPA

us time for the method has been significantly improved by CBAR
with the development of a new fluorogenic
reagent, 2,3-naphthalenecarboxaldehyde (I, NDA),
which in the presence of cyanide ion, reacts with
primary amines to give the intensely fluorescent
product, 1- cyano-2 - substituted -benz[flisoindoles

*,..sis with (II, CBI) [18].
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Background

Research at the Center for Bioanalytical Re-
search (CBAR) is aimed toward the development
of highly sensitive and selective methods for the
analysis of biological substances. The late Professor
Takeru Higuchi, in creating the Center in 1983, ini-
tially focussed on target analytes such as amines,
amino acids, peptides and polypeptides. Although
methods such as RIA provide sensitive and selec-
tive analysis, a decision was made to develop fluo-
rescence, chemiluminescence and electrochemistry
for detection and liquid chromatography for sepa-
ration; i.e. selectivity. Since most amino acids and
peptides are optically and electrochemically "si-
lent," it is necessary to derivatize these substances
so that they can be detected. The objective of the
present work was to develop a derivatization

The stability and FL quantum yields of the CBI-
amine derivatives were superior to those from the
OPA-thiol reaction [18]. The reaction of NDA
with dopamine (DA), norepinephrine (NE), and
the trace amines, octopamine (OA) and tyramine
(TA), as a pre-column fluorogenic LC derivatiza-
tion method, for the simultaneous determination of
DA and NE in urine has been studied.

Experimental

Instrumentation: Optical absorbance, fluores-
cence and chemiluminescence measurements were
made with a Shimadzu Model UV-260 spectropho-
tometer, a Farrand System 3 scanning spectrofluo-
rometer, and an ATTO Model AC220
luminometer, respectively. The isocratic LC sys-
tem consisted of a LKB Model 2150 dual-piston
pump equipped with a Rheodyne 7125 sample in-
jector with a 5 MLL sample loop. For some of the
LCCL studies, an ISCO Model 314 syringe pump
was used.
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Chromatography and Derivatization Proce-
dures: CBI derivatives of catecholamine standards
were separated using a TSK ODS-120T column
(4.6X 150 mm, 5 pm). The mobile phase was 50%
acetonitrile in 10 mM potassium phosphate (pH 2.5,
adjusted with phosphoric acid). The flow rate was
I mL/min. For DA and NE analysis in urine sam-
ples, the mobile phase was isocratic elution with
38% acetonitrile and 6% THF in 10 mM phosphate
buffer at pH 2.5. Derivatizations were conducted
in borate buffer with dihydroxybenzylamine
(DHBA) as an internal standard. Final concentra-
tions were [NDA]=0.2 mM, [CN]=0.2 mM and
[DHBA]=5 gM. For the urine samples, alumina
was used for sample clean-up. Desorption of cate-
cholamines from alumina was accomplished by
washing (30 seconds) the alumina with two succes-
sive portions (200 pL) of 0. I M phosphoric acid.

Results and Discussion

Figure 1 shows the absorbance-time profile for
the reaction of NDA-CN with DA and NE in bo-
rate buffer (pH 9) at room temperature. Under
these conditions, the reaction is completed in less
than 5 minutes with the CBI-catecholamines ex-
hibiting excellent chemical stability. The rapidity
and completeness of the NDA-CN reaction under
mild aqueous conditions are an important feature
compared to that of the fluorescamine method [16],
which requires the fluorescamine reagent to be sol-
ubilized in an anhydrous organic solvent to prevent
deleterious hydrolysis from occurring. Also, com-
pared to the usual OPA-thiol method [15], the CBI
product has enhanced chemical stability. Figure 2
shows typical optical (A) absorbance and (B) fluo-
rescence emission spectra of a CBI-amine deriva-
tive. The optical absorbance in the visible region of
the spectrum allows the use of a low-powered He-
Cd laser for excitation, which is currently under
development [21].

Figure 3A shows the separation of a mixture of
five CBI derivatives by reverse phase LC under
isocratic conditions. The five derivatives were sep-
arated to baseline resolution within 15 minutes. Ad-
dition of 10 mM SDS in the mobile phase enhanced
the FL intensities of the trace amines, CBI-OA and
CBI-TA but had little effect on the other three (fig.
3B). Using DHBA as the internal standard, good
linear response (linear regression correlation coeffi-
cient >0.995) was obtained in the range of 0.5 to
10 pmol of amine injected on-column. Detection

limits for these amines are in the range of 20-60
femtomoles (S/N=2) with the commercial 10 ML
FL detector.

Chromatograms for the determination of DA
and NE in I ILL urine samples containing DHBA
as the internal standard with the NDA-CN proce-
dure indicate that these substances can be quanti-
fied at less than 0.5 liM concentrations.

Chemiluminescence

Chemiluminescent detection of the CBI-cate-
cholamines used bis(2,4-dinitrophenyl)oxalate
(DNPO) as the oxalate. The hydrogen peroxide
and DNPO in acetonitrile solvent are post-column
mixed the LC eluant and the CL emission detected
with the ATTO cell of 40 or 60 MLL volume. The
sensitivity of the CL system is demonstrated by the
baseline separation of a mixture containing I femto-
mole each of DA, NE and DHBA. Calibration
curves with DHBA as the standard exhibit excel-
lent linearity over two orders of magnitude with a
detection limit of 0.01 pg.
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Figure 1. Absorbance-time profile for the reaction of NDA-CN
with DA and NE.
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Figure 2. Typical optical absorbance (A) and fluores-
cence emission (B) spectra of a CBI-amine derivative.

2

( A ) | (B)

2

3

5

3

1 

[3] Moleman, P., and Borstrok, J. J. M., Biogenic Amines 3, 33
(1985).

[4] Westerink, B. H. C., and Mulder, T. B. A., J. Neurochem.
6, 1449 (1981).

[5] Causon, R. C., Carruthers, M. E., and Rodnight, R., Anal.
Biochem. 116, 223 (1981).

[6] Kobayashi, S., Sekino, J., Kazumasa, H., and Imai, K.,
Anal. Biochem. 112, 99 (1981).

[7] Mellbin, G., J. Chromatogr. 6, 1603 (1983).
[8] Imai, K., in Methods in Biogenic Amine Research, Eds.,

Parvez, S., Nagatsu, T., Nagatsu, 1., and Parvez, H., El-
sevier, New York (1983) Chapter 2.

[9] Imai, K., Toyo'oka, T., and Miyano, H., Analyst 109, 1365
(1984).

[10] Mori, K., and Imai, K., Anal. Biochem. 146, 283 (1985).
[11] Todoriki, H., Hayashi, T., Naruse, H., and Hirakawa, A.,

J. Chromatogr. 276, 45 (1983).
[12] Imai, K., J. Chromatogr. 150, 135 (1975).
[13] Yui, Y., and Kawai, C., J. Chromatogr. 206, 586 (1981).
[14] Yui, Y., Kimura, M., Itokawa, Y., and Kawai, C., J. Chro-

matogr. 177, 376 (1979).
[15] Roth, M., Anal. Chem. 43, 880 (1971).
[16] Udenfriend, S., Stein, S., Bohlen, P., Dairman, W., Leih-

gruben, W., and Weigle, M., Science 178, 871 (1972).
[17] Benson, J. R., and Hare, P. E., Proc. NatI. Acad. Sci. USA

72, 619 (1975).
[18] Matuszewski, B., Givens, R. S., Srinivasachar, K., Carlson,

R. G., and Higuchi, T., J. Org. Chem. 51, 3978 (1986).

Homogeneous Electrochemical
Immunoassay Using a Chemically

Modified Electrode

Rosanne Kannuck and Jon M. Bellama

Department of Chemistry and Biochemistry
University of Maryland

College Park, MD 20742

and

Richard A. Durst
0 5 10 15 0 5 10 15 min

Figure 3. Isocratic reverse-phase LC separation of five CRI
derivative (A). Same separation after addition of SDS (B).
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An alternative to enzymatic detection and ampli-
fication of antigen/antibody interactions is the use
of lipid bilayer structures known as liposomes. The
concept in using this type of structure is that a
specific "marker" is released from within the lipo-
some when an antigen/antibody binding event has
taken place on the liposome surface. Amphophilic
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