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Abstract

Demeclocycline (DM) and methacycline (MT) have been determined by europium-sensitized fluorescence, using EDTA as co-ligand and
cetyltrimethylammonium chloride as surfactant. The methods have been developed in slightly alkaline solutions, with the formation of a new
chelate where the lanthanide ion is bound to the beta-diketone group. Calibration graphs between 0.01 and 0.1�g mL−1 have been obtained
for DM and MT determination. Both methods have been applied to the determination of these tetracyclines in serum samples with satisfactory
recovery results.
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1. Introduction

Tetracyclines (TCs) are an important antibiotic group used
in medical and veterinary practice. The native fluorescence
of TCs is well known and this property has been used for its
determination[1–5].

Most of the proposed methods for DM and MT analysis are
HPLC separation methods[6–14]. The intramolecular energy
transfer from TCs to the Eu(III) ion has been described for
TC detection by Hirschy et al.[15] and used as a detection
system in HPLC and FIA methods[16].

The effect of several micellar systems on the enhance-
ment of the emission fluorescence of various TC complexes
with Eu(III) and Tb(III) has been previously described
[17–22]. Thus, Georges and Ghazarian[17] proposed the
use of Triton X-100. Enhancement of the fluorescence of
the TCs–Eu(III) complex by DNA has been also used to
determine DNA [18,19]. Thenoyltrifluoroacetone[20,21]
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and cetylpyridinium chloride[22] considerably enhanced t
Eu(III)-sensitized luminescence of tetracyclines. Meth
for the individual determination of tetracycline, oxy
tracycline, chlortetracycline and doxycycline have b
reported, based on the Eu(III)-sensitized fluorescence,
cetyltrimethylammonium chloride as surfactant and ED
as co-ligand[23]. However, no study has been previou
described to determine demeclocycline or methacycline

While chromatographic methods allow the separation
quantification of several tetracyclines, other analytical m
ods reported for their determination cannot distinguish
tween the different tetracyclines. In spite of this limitati
the availability of fast screening methods which allow
individual control of these antibiotics in human biologi
fluids is desirable.

In this paper, as an extension of the previous reports o
subject, several micellar media, including cetyltrimethyl
monium chloride, cetylpyridinium monohydrate and sod
dodecylsulfate, have been examined for the study of the
plexes of demeclocycline and methacycline with Eu(III)
E-mail address:mahedero@unex.es (M.C. Mahedero). the presence of EDTA as co-ligand.
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2. Experimental

2.1. Instrumentation

Fluorescence spectral measurements were performed on a
Fluorescence Spectrophotometer Varian Model Cary Eclipse.
The instrument consists of two Czerny-Turner monochroma-
tors (excitation and emission), a xenon light source, a range
of fixed width selectable slits, selectable filters, attenuators
and two photomultiplier tubes as detectors. The fluorimeter
is connected to a PC microcomputer via an IEE serial inter-
face. The Cary Eclipse Version 1.0 software was used for data
acquisition, data interpretation and graphical display.

2.2. Chemicals and reagents

For all experiments analytical grade chemicals and sol-
vents were used. Stock solutions of demeclocycline (DM)
(Sigma) and methacycline (MT) (Sigma) 2× 10−4 M were
prepared from their hydrochlorides in deionized water and
stored at 4◦C. A 1.25× 10−3 M europium(III) solution was
prepared by dissolving the appropriate amount of europium
nitrate (Sigma). Also, 0.1 M Tris/hydrochloride buffer so-
lutions of different pH and 2.5× 10−4 M EDTA (Panreac)
were prepared. Aqueous solutions of cetyltrimethylammo-
nium chloride (CTACl) (Sigma), cetylpyridinium monohy-
d tions
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Fig. 1. Excitation and emission spectra of DM and DM–Eu(III) complex,
pH 8.5, [Eu(III)] = 10−5 M, [EDTA] = 10−5 M, 0.04% CTACl.

fluorescence signals at an emission wavelength of 615 nm
were measured.

3. Results and discussion

3.1. Optimization of experimental variables

The Eu(III) ion has the suitable energy level to allow in-
tramolecular energy transfer from the lowest triplet level of
the complex to a 4f level of the lanthanide ion, producing a
fluorescence emission characteristic of the lanthanide ion.

The aqueous solutions of Eu(III) excited at 394 nm show
a narrow emission band at 618 nm, and a less intense one at
594 nm. However, the fluorescence of the TCs–Eu(III) com-
plexes is more intense than the Eu(III) fluorescence.

DM and MT show fluorescence emission in a basic pH
and in presence of EDTA.Fig. 1 shows the excitation and
emission spectra of the DM–Eu complex and DM alone. For
both complexes; excitation at 396 nm and emission maxima
at 615 nm were found.

The presence of EDTA allows the formation of a new
complex where the Eu(III) ion is bound to the�-diketone
group [15] giving an enhancement of the fluorescence. A
10−5 M EDTA concentration was fixed for the study of the
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rate (CPC) (Sigma) and sodium dodecylsulfate solu
SDS) (Sigma) (1%, v/v) were prepared.

.3. Recommended procedure for DM and MT
etermination

.3.1. DM and MT determination
An aliquot of DM or MT samples was placed in

5 mL volumetric flask, 1 mL of 1% CTACl, 2 mL of p
.5 Tris–HCl 0.1 M buffer, 1 mL of 2.5× 10−4 M EDTA and
.2 mL of 1.25× 10−3 M Eu(III) solution were added, fo

owed by dilution with water to the mark.
Emission spectra of the samples were recorded, wi

xcitation wavelength of 396 nm, and the fluorescence
als were measured at an emission wavelength of 61
alibration graphs were obtained in the range of DM
T concentrations between 0.01 and 0.1�g mL−1.

.3.2. Analysis of serum samples
An aliquot of 0.5 mL of serum, previously fortified wi

M or MT, was placed in a test-tube; each serum sam
as treated with 1 mL of acetonitrile to remove proteins.
uspension was centrifuged at 2000 rpm for 10 min, and
f the supernatant was placed in a 25 mL volumetric fl

n this volumetric flask, 1 mL of 1% CTACl, 2 mL of p
.5 Tris–HCl 0.1 M buffer, 1 mL of 2.5× 10−4 M EDTA and
.2 mL of 1.25× 10−3 M Eu(III) solution were added, fo

owed by dilution with water.
In these conditions, emission spectra of the samples

ecorded with an excitation wavelength of 396 nm, and
omplexes. InFig. 2, the emission spectra of the MT comp
n the absence and presence of EDTA are shown. For th
omplex a similar enhancement was found.

The effect of pH on the emission intensity is shown
ig. 3. For the DM and MT complexes, the fluoresce
mission increased with the pH value and the greates
rescence was found between pH 8 and 9. For highe
alues the fluorescence decreased. A pH value of 8.5
hosen for the determination. This pH was fixed by add
f 2 mL of Tris/HCl 0.1 M buffer solution of pH 8.5, in a fin
olume of 25 mL.

For both complexes, the effect of the presence of se
icellar media, CPC, CTACl and SDS was examined (Fig. 4).

n all cases, the presence of a micellar medium enhanc
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Fig. 2. Influence of the presence of EDTA in the sensitized fluores-
cence intensity of the MT–Eu(III) complex, pH 8.5, [Eu(III)] = 10−5 M,
[EDTA] = 10−5 M, 0.04% CTACl.

Fig. 3. Influence of pH on the sensitized fluorescence intensity of the
DM–Eu(III) (- - -) and TM–Eu(III) (—) complexes, [Eu(III)] = 10−5 M,
[EDTA] = 10−5 M, 0.04% CTACl.

fluorescence signal at 615 nm. The higher enhancement was
found for CTACl. A concentration of 0.04% of CTACl was
fixed for both complexes.

The influence of Eu(III) concentration shows that the flu-
orescence increased with the concentration of lanthanide ion.
The intensity was maximum for an Eu/TC ratio comprised

Fig. 4. Emission spectra of the DM–Eu(III) complexes in function of the
nature of the surfactants employed, [Eu(III)] = 10−5 M, [EDTA] = 10−5 M,
0.04% surfactant.

between 3 and 4, for the DM complex, and between 2 and 4 for
the MT complex. In both cases, for higher Eu(III) concentra-
tion a decrease of the fluorescence was observed. A 10−5 M
Eu(III) concentration was chosen and a 1:1 stoichiometry was
found for both complexes.

Under these conditions linear calibration graphs were ob-
tained for DM and MT determination, in the range between
0.01 and 0.1�g mL−1. The calibration graphs were con-
structed, with three replicates per point, by measuring the
intensity of luminescence at 615 nm, exciting at 396 nm. In
order to test the presence of outlier points, the least median
of squares regression method was applied[24]. No outliers
were detected.

The proposed methods were evaluated by statistical anal-
ysis of the experimental data by fitting the overall least
squares line according toy=a+bx (y= 2.5 + 779x, stan-
dard deviations,sa = 0.4 andsb = 7 for demeclocycline, and
y= 4.1 + 853x, sa = 0.4 andsb = 7, for methacycline). Accord-
ing to the residual distribution obtained, it can be assumed
that both calibration lines comply with homocedasticity cri-
teria. In order to test the linearity of the overall least squares
regression, the ANOVA test was performed by comparing
the variation of set means about the line (lack of fit) with
the variation within line (pure error). The precision of the
method was established by testing the analytical signal cor-
responding to a tetracycline concentration of 0.06�g mL−1.
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or a series of 10 measurements, the relative error was
or the intra-days and 2.9% for the inter-days analysis (
onfidence level) for demeclocycline, and of 2.4 and 3
or methacycline, respectively.

The limit of detection (LOD) values found for both tet
yclines, were 0.002�g mL−1, according to Long and Win
ordner[25], and 0.003�g mL−1, according to Clayton et a
26], taking into account false positive and false negativ
or types (α =β = 0.05), and the limit of quantification (LOQ
.01�g mL−1.

.2. Applications

The proposed methods have been applied to deter
he selected tetracyclines in serum samples. The thera
evels for DM and MT are between 1 and 5�g mL−1 in serum
rine samples were not tested with the proposed metho

he therapeutic levels of these drugs in urine are very
300–500�g mL−1) and a 1:1000 dilution of the urine w
ecessary to perform the determination.

Samples belonged to different volunteer individuals,
ollected in different days at the “Residencia Sanitaria
anta Cristina” Hospital (Badajoz, Sapin), were used for
etermination of DM and MT in serum. The serum s
les were deproteinized with acetonitrile. The suspen
as centrifuged and 1 mL of the supernatant was taken

reated following the procedure above mentioned. The re
ries found for four different serum samples are summa

n Table 1.
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Table 1
Recovery results for the sensitized-luminescence determination of demeclocycline and methacycline in fortified serum samplesa

Sample Added (�g mL−1) Demeclocycline Methacycline

Found (�g mL−1) Recovery (%) Found (�g mL−1) Recovery (%)

Serum 1 2.9 3.00± 0.06 103 3.09± 0.09 106
3.8 3.87± 0.03 102 3.58± 0.02 94
4.8 4.89± 0.07 102 4.70± 0.05 98

Serum 2 2.9 2.79± 0.09 96 2.8± 0.1 96
3.8 3.99± 0.05 105 3.8± 0.1 100
4.8 4.70± 0.07 98 4.98± 0.09 104

Serum 3 2.9 2.84± 0.04 98 3.04± 0.07 105
3.8 3.68± 0.02 97 3.65± 0.07 96
4.8 4.99± 0.07 104 4.70± 0.05 98

Serum 4 2.9 3.09± 0.08 106 2.80± 0.08 97
3.8 3.70± 0.09 97 4.07± 0.07 107
4.8 5.08± 0.03 106 4.60± 0.07 96

a Average of five determinations.

4. Conclusions

This paper presents a suitable method for routine analysis,
in which the use of sensitized europium luminescence is ex-
tended to the determination of DM and MT in serum samples.
In cases in which is necessary the individual determination
of the tetracyclines studied in this work, it is of interest to
dispose, as an alternative, a method of analysis simpler than
a chromatographic method. EDTA was used simultaneously
with europium, in order to prevent the formation of europium
hydroxides in alkaline solutions, and acting as a co-ligand to
exclude water molecules from the coordination sphere of the
lanthanide. The use of micellar systems, particularly CTACl,
providing an environment characterized by lower polarity and
higher viscosity than the bulk aqueous phase, provides a sim-
ple means of enhancing the Eu(III)-sensitized luminescence
from tetracyclines, and hence detection limits. In addition,
the performed study may be interested as a preliminary study
to develop a chromatographic method for tetracycline deriva-
tives screening, using europium-sensitized luminescence as
a detection system.
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