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Abstract

In this work we present some applications of near-UV laser-induced fluorescence (LIF) with micro-HPLC (mHPLC) and
HPLC. To test the sensitivity of the detection, we used pyrene and aflatoxins, because both of these molecules exhibit native
fluorescence. Then we studied catecholamines derivatized with 1,2-diphenylethylenediamine. The results show that we were
able to reach better sensitivity levels than previously described in LIF studies. For catecholamines, a 50-fold increase in
sensitivity compared to conventional fluorescence was obtained. These results indicate that LIF detection associated with
HPLC or mHPLC can be used to detect very low concentrations of substances that can be excited in the near-UV range after
labeling at nanomolar concentrations.  2001 Elsevier Science B.V. All rights reserved.

Keywords: Laser-induced fluorescence detection; Detection, LC; Aflatoxins; Catecholamines; Diphenylethylenediamine;
Pyrene

1. Introduction detection in high-performance liquid chromatography
(HPLC) applications. Today other alternatives, such

Laser-induced fluorescence (LIF) detection has as conventional fluorescence detection and electro-
become a very popular and essential detection tech- chemical detection, are the two sensitive detection
nique in capillary electrophoresis (CE), thanks to its means most commonly used for quantitative studies
capability to detect substances at lower than the in HPLC. Numerous applications have been reported
micromolar range, which is the limit reached by UV in recent years. In some cases the sensitivity of these
detection. Today there are many applications for techniques was increased by use of photoactivation
CE–LIF [1,2]. The interesting point is that the LIF devices [6,7].
detection technique was pioneered some 20 years Because no LIF detector was commercially avail-
ago by Yeung [3], Folestad et al. [4], and Diebold et able, the cost of the lasers was high, and most of the
al. [5] who demonstrated its usefulness for sensitive analyte molecules had to be labeled with dyes that

match the laser wavelength, this detection technique
has been restricted to a limited number of lab-*Corresponding author.
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not well understood, can lead to contradictory results
[8,9]. More and more analyses in the food, en-
vironmental and pharmaceutical industries require
quantification at very low concentration levels. LIF
detection is a very good alternative to the conven-
tional techniques used today, particularly in phar-
macokinetic studies [10].

In this paper, we report experiments that were run
to test the sensitivity of the near-UV LIF detector
used in our laboratory, coupled to micro-HPLC
(mHPLC) or HPLC to detect molecules that have
either native fluorescence or fluorescent labels.

2. Materials and methods

2.1. HPLC, mHPLC

We used an Agilent 1100 HPLC pump, equipped
with an LC Packings FAMOS injector (Polymer
Labs., Marseille, France), and an Accurate microflow
reducer (Polymer Labs.) for mHPLC.

Fig. 1. Scheme of the Zetalif detector.

2.2. LIF detector

The detector is a Zetalif 325 from Picometrics
(Ramonville, France) equipped with a 325 nm He– column (YMC Europe, Schrembeck, Germany),
Cd laser. The power that irradiates the capillary flow flow-rate of 0.4 ml /min, temperature of 408C, and an
cell is 6 mW. A scheme of the detector is presented injection volume of 120 ml. The output capillary had
in Fig. 1. Its originality is the use of a high numerical an internal diameter of 320 mm.
aperture sapphire ball lens that allows it to have (i) a
divergent beam to illuminate all of the inner diameter
of the capillary over an approximate length of 200 2.5. Analysis of catecholamines
mm, and (ii) a high collection of fluorescence, much
higher than described in the literature for other LIF Isocratic conditions were 62.5% of solution A (50
detectors. Consequently, it is more sensitive. mM sodium acetate, pH 7–methanol–acetonitrile,

60:10,30) and 37.5% of solution B (50 mM sodium
2.3. Analysis of pyrenes acetate, pH 7–methanol–acetonitrile, 20:20:60), a

flow-rate of 4 ml /min, and an LC Packings Pep Map
Isocratic conditions were water–acetonitrile (93:7) C 3 mm mcolumn (Polymer Labs.). The injection18

with a flow-rate of 4 ml /min, an LC Packings Pep volume was 1 ml, and the capillary diameter was 75
Map C 3 mm mcolumn, and an injection volume of mm. For derivatization of catecholamines, 20 ml of18

1 ml. catecholamines (in water or in alumina extracts) was
mixed with, 40 ml acetonitrile, 10 ml bicine (1.75 M,

2.4. Analysis of aflatoxins pH 7.5), 20 ml 1,2-diphenylethylenediamine (DPE,
0.1 M in 0.1 M HCl), and 4 ml potassium ferri-

Isocratic conditions were water–methanol (54:46), cyanide (20 mM) for 60 min at 378C in a closed
˚a YMC Pro C , 120 A, S-5 mm, 15033.0 mm water bath.18
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2.6. Cells

Myeloid cells derived from a mouse tumor were
cultured in RPMI 1640 medium (Life Technologies,
Gaithersburg, MD, USA) supplemented with 10%
fetal calf serum, 1.5% sodium hydrogencarbonate, 25
mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid (HEPES) buffer, 1% L-glutamine, 1% minimal
essential medium vitamins, 1% nonessential amino
acids, 100 units /ml penicillin, and 100 mg/ml
streptomycin. The cells were plated and maintained
at 378C and 5% CO for 6 days. We adsorbed2

catecholamines in the culture media on alumina at
pH 8.6 and eluted them with 1% acetic acid. Samples

Fig. 2. Plot of relative fluorescence intensity of the peak of 10 nMwere maintained at 2208C before analysis.
doxorubicin excited at 488 nm, as a function of the inner diameter
of the capillary. Injection volume 5 ml, flow-rate 0.5 ml /min, C18

column, 20 mM phosphoric acids, pH 4.
3. Results and discussion

3.1. Adjustment of LIF detection and test of the In flow injection experiments, at a given diameter
sensitivity the detector signal will increase with increasing flow-

rates if photochemical degradation is a limiting
Some years ago van den Beld [11] demonstrated factor [11]. On the other hand, if the flow-rate is

that in LIF detection the number of molecules that fixed, an increase in diameter is expected to lead to a
are photodegraded is inversely proportional to the quadratic increase in detector volume and, thus, a
velocity of the fluorophore in front of the laser beam. quadratic increase in the number of detectable mole-
The same phenomenon was observed by other cules. The quadratic effect is seen in the first part of
authors as well [12]. Recently we observed that the the plot. The leveling off at larger diameter is due to
sensitivity of the detection in HPLC depends on the photodegradation and to limiting detection geometry.
inner diameter of the capillary connected to the In fact, if a larger volume is irradiated at a larger
output of the column. Consequently, at a constant capillary diameter, the efficiency of fluorescence
flow-rate, the sensitivity depends on the velocity of collection is less important than in the case of
the fluorophore in front of the laser beam, and the smaller capillaries. This is due to the capillary
solid angle of fluorescence collection by the optical diameter, which is too long for the 2-mm diameter
arrangement [13]. In Fig. 2 we show the behavior of ball lens.
LIF intensity as a function of the inner diameter
(I.D.) of the capillary. The molecule that we studied

3.2. Test of sensitivity with unlabeled molecules
was doxorubicin with an argon ion laser at 488 nm
and a flow-rate of 0.5 ml /min (we injected 5 ml of a

2910 M solution). We can see that at this flow-rate, 3.2.1. Sensitivity of pyrene analysis with mHPLC
we have an optimal I.D. at 250 mm for the intensity (4 ml /min flow-rate)
of fluorescence. This sigmoid curve was obtained for In this section we used mHPLC with a 0.3 mm
different molecules at different flow-rates. A general I.D. chromatography column and a capillary of 75
rule is that for small flow-rates of 2–10 ml /min, mm at its output and in the detector. To test the
capillaries of 50 mm can be used, while for 200–500 sensitivity of the system, we injected lower and
ml /min, 250 to 320 mm I.D. capillaries can be used. lower concentrations, and we measured the peak
These guidelines offer a good compromise between height. Fig. 3 presents 0.5 fmol, which is the lowest
sensitivity and dead volumes. quantity we detected with a S /N.5 (no rise time,
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3.2.2. Sensitivity study with aflatoxins in HPLC
(400 ml /min flow-rate)

Aflatoxins are toxic metabolites of fungal origin,
for which it is very important to detect the lowest
amounts because of their highly toxic and carcino-
genic properties. Their legal limits are very low in
infant nutriment, 50 ng/ l. They fluoresce when
exited at 325 nm. Some analyses with CE or HPLC
have been published. The CE–LIF set-up, which

Fig. 3. Chromatogram of 0.5 fmol of pyrene (arrow) obtained by used a non-optimized LIF detector, exhibited a lack
mHPLC. mn5min. of sensitivity [15]. The other one used online electro-

chemical derivatization with a Kobra cell connected
at the output of the column. The detection limits

and an acquisition rate of 20 Hz). To our knowledge, were around 50 ng/ l [6].
it is the best reported result [14]. The calibration A 3 mm I.D. C column fitted with a 200 mm I.D.18

curve was obtained for a range of 0.5 to 50 fmol, and capillary at its output and in the detector was used.
8the equation of the curve is y55?10 x10.2984 ( y is Fig. 4 presents the separation of four aflatoxin

the area of the peak, x is the concentration in M) standards G2, G1, B2, B1, at a concentration of 0.1
with R50.9969. ppb for each aflatoxin G2 and B2 and 0.33 ppb for

Fig. 4. Aflatoxins G1 and B1 (0.33 ppb) and G2 and B2 (0.1 ppb) diluted in water. A 100-ml volume was injected into the HPLC system
with a flow-rate of 0.4 ml /min, a 2.1 mm I.D. C column, and capillary I.D. of 320 mm at the output of the column in the detector. The18

inset shows 0.01 ppb of G2 and B2, and *5a peak also present in the blank (rise time 2 s).
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G1 and B1. The inset shows G2 and B2 at a quantity Fig. 5 presents a chromatogram of the three
standard catecholamines at a concentration of 2.3of 1.2 pg (S /N.20) injected. We estimate that the
nM. The inset shows a chromatogram of 350 amol ofsensitivity is at least five-times better than the results
norepinephrine injected. Table 1 presents the rangeof previous studies in which a laboratory-made LIF
of concentrations studied, the slopes, intercepts anddetector was used [5]. Aflatoxins G2 and B2 gave at

210 correlation of the calibration curves, and the lowestleast linear quantification between 3?10 and 3?
211 quantity detected. Each catecholamine was deriva-10 M.

tized at the concentration range mentioned. The
detected quantity is 50-times lower than the one3.3. Application to labeled molecules: analysis of
reported in the literature. We were able to label atcatecholamines
these low concentrations, and we obtained linear
calibration curves. Labeling steps at low concen-Catecholamine analysis with electrochemical de-
trations are always the subject of heated discussions.tection or conventional fluorescence is well docu-
Some authors previously noted that they were notmented. The impressive results of Dr. Boomsma’s
able to label amino acids at concentrations lowerlaboratory (Department of Internal Medicine, Eras-

27than 10 M with 10-fold more fluoresceine-iso-mus University, Rotterdam, The Netherlands) on the
thiocyanate or dichlorotriazinylaminofluoresceinequantification of norepinephrine, epinephrine, and
[8]. Others have shown that they were able to labeldopamine with a fluorescence detector encouraged us
amines and amino acids at concentrations as low asto use the same labeling procedure (DPE [16]) to

2910 M with naphthalenedialdehyde [9]. We werestudy these catecholamines:
29able to label catecholamines at 3.5?10 M with

DPE. For norepinephrine and epinephrine, relative
standard deviations (RSDs) were estimated to be
lower than 3.2% for intra-assay analyses and lower
than 8.4% for inter-assay analyses.

One of the issues encountered in labeling mole-
cules is the reactivity of the different molecules that

Fig. 5. Chromatogram of a mixture of catecholamine standard at a concentration of 7 nM, NE5norepinephrine, E5epinephrine,
D5dopamine. The inset shows a chromatogram with 53 fg of NE.
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Table 1
aRange of concentrations studied, the slopes, intercepts and correlation of the calibration curves of the studied catecholamines

Range of concentration Slope Intercept Correlation coefficient
(nM) (relative area3ml/ng) (relative area) (r)

Norepinephrine standard 40–3.5 3.0225 0.508 0.9990
Norepinephrine extracted 40–3.5 1.6059 1.3511 0.9990
Epinephrine standard 35–3 0.7007 0.7879 0.9928
Epinephrine extracted 35–3 0.3473 1.1933 0.8979
Dopamine extracted 45–6 0.1073 0.9372 0.9680

a The curves for the standard, are obtained by diluting the catecholamine in water. The curves for the extracted catecholamines are
obtained after extraction from a blank media on alumina.

can react with the dye and the stability of the
resulting compounds. Fig. 6 is a kinetic comparison
of the labeling rate of norepinephrine, epinephrine,

28and dopamine and dihydroxybenzoic acid at 10 M.
We can see that catecholamines react rather quickly
but that dihydroxybenzoic acid is much slower to
react. Its reaction reaches a plateau when the other
compounds begin to be unstable.

Fig. 7 presents a chromatogram of an extract of
culture media removed from myeloid cells derivedFig. 6. Intensity of the peaks of epinephrine (j), norepinephrine
from a mouse tumor. We identified norepinephrine in(m), dopamine (1) and dihydroxybenzoic acid (♦), following

time.

Fig. 7. Chromatogram of catecholamines in myeloid cells derived from a mouse tumor. NE5Norepinephrine (5.1 nM), E5epinephrine (2.0
nM).
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