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bstract

This work reports a technique for the construction of portable devices that are based on stabilized lipid membrane with an incorporated artificial
eceptor that can be used for the rapid optical detection of doping materials in human urine. The artificial receptors are incorporated within the
ipid mixture prior to polymerization. Microporous filters composed of glass fibers were used as supports for the stabilization of these sensors. The
ipid film was formed on the filter by polymerization using UV irradiation prior its use. Methacrylic acid was the functional monomer, ethylene
lycol dimethacrylate was the crosslinker and 2,2′-azobis-(2-methylpropionitrile) was the initiator. The polymerization is completed within 4 h
nd the artificial receptors retain their activity. These devices can be used as portable sensors because they provided a simple screening sensitive
pot optical test for the rapid one-shot detection of dopamine and ephedrine in human urine. It was now possible to have quantitative data based
n a calibration graph. A quantitative method for the detection of dopamine or ephedrine in real samples of urine that can be complimentary to
PLC methods is provided in the present paper. An investigation of the mechanism of signal generation for the “switch on” and “switch off” the

uorescence signal is made herein. The construction of these devices will allow the practical use of the techniques for chemical sensing based on

ipid membranes to prepare portable chips/biosensors for the detection of toxicants in foods or pollutants in the field and commercialization of
hese devices.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Significant progress has recently been achieved in the design,
nalytical applications and stabilization of biosensors based on
ipid films. This type of biosensor provides a generic method
or transduction of selective binding events into an analytical
ignal, and offers advantages such as high sensitivity and fast
esponse times. Lipid bilayer membranes have been studied over

ecent years as a promising assay format for the construction
f biosensors. Lipid films can be excellent host matrices for
he maintenance of the activity of many biochemically selective

∗ Corresponding author. Tel.: +30 21089 57817; fax: +30 21072 74577.
E-mail address: Nikolelis@chem.uoa.gr (D.P. Nikolelis).
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pecies, such as enzymes, antibodies and molecular receptors
1–4].

The inherent fragility of freely suspended bilayer lipid mem-
ranes (BLMs) remains a major obstacle preventing the use
f BLMs as practical biosensors. The membranes collapse in
esponse to even weak mechanical or electrical shock. A paper
ppeared in the literature that describes the design of the forma-
ion and use, after storage in air of stabilized lipid film-based
iosensors by polymerization on microporous filtering media,
uch as glass fibers by heating at 60–80 ◦C [5]. The function
f these biosensors for repetitive uses after storing in air was

lso recently investigated [6]. However, in this recent report, the
nzyme was incorporated in the lipid film after its formation
y polymerization. In one of our recent papers, the polymer-
zation process took place by using UV irradiation instead of

mailto:Nikolelis@chem.uoa.gr
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eating the lipid mixture at 60 ◦C [7]. This process retained the
ctivity of an enzyme (i.e., acetylcholinesterase), whereas heat-
ng may deactivate it. This method for preparation of stabilized
ipid membranes was also studied using Raman spectroscopy
7]. The results have indicated that the polymerization is com-
leted within 4 h and the mechanism of polymerization was
nvestigated. This makes possible the practical use of techniques-
ased lipid films for chemical sensing, because it will allow
ncorporation of ion-channel receptors in these lipid films and
he preparation of portable devices for the rapid optical sensing
f toxicants in environmental, food and clinical samples.

The present work reports a technique for the construction of
ortable devices that are based on stabilized lipid membrane with
n incorporated artificial receptor (i.e., hydroxy or permethoxy
alixarene derivative) that can be used for the rapid optical detec-
ion of doping materials in human urine. The artificial receptors
re incorporated within the lipid mixture prior to polymerization.
he polymerization process takes place by using UV irradiation

nstead of heating at 60 ◦C. Microporous filters composed of
lass fibers were used as supports for the stabilization of these
ensors. The lipid film was formed on the filter by polymeriza-
ion, using UV irradiation prior to its use. Methacrylic acid was
he functional monomer, ethylene glycol dimethacrylate was
he crosslinker and 2,2′-azobis-(2-methylpropionitrile) was the
nitiator. The polymerization is completed within 4 h and the
rtificial receptors retain their activity. These devices provided
simple screening sensitive spot optical test for the rapid one-

hot detection of dopamine and ephedrine (using the hydroxy
nd permethoxy receptors, respectively, in the lipid films dur-
ng polymerisation) in human urine. The lipid films without the
eceptors provided fluorescence under a UV lamp. The use of the
eceptors in these films quenched this fluorescence and the color
ecame similar to that of the filters without the lipid films. A drop
f urine containing dopamine or ephedrine provided a “switch-
ng on” of the fluorescence which allows the rapid detection of
hese stimulants in human urine at the levels of 10−9 M concen-
rations. The technique is now based on a calibration graph and
herefore as a quantitative method for the detection of dopamine
r ephedrine in real samples of urine is provided herein that can
e complimentary to HPLC methods. The mechanism of sig-
al generation was investigated in the present paper by using
ifferential scanning calorimetric (DSC) measurements. The
onstruction of these devices allows the practical use of the
echniques for chemical sensing, based on lipid membranes to
repare portable devices for the optical detection of toxicants in
nvironmental, clinical samples or foods in the field, and further
ommercialization of these devices.

. Experimental

.1. Materials and equipment

Dipalmitoyl phosphatidylcholine (C16:0) (DPPC) and

ipalmitoyl phosphatidic acid (DPPA) were supplied by Sigma
hemical Co. (St. Louis, MO, USA) and were used as lipids

or the formation of the lipid films. Methacrylic acid and
thylene glycol dimethacrylate was purchased from Aldrich

w
e
s
s
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Aldrich–Chemie, Steinheim, Germany). The initiator, 2,2′-
zobis-(2-methylpropionitrile) (AIBN), was supplied by Merck
gaA (Darmstadt, Germany). Dopamine hydrochloride was

upplied from Sigma, whereas ephedrine hydrochloride was
upplied from Aldrich. Water was purified by passage through a

illi-Q cartridge filtering system (Milli-Q, Millipore, El Paso,
X, USA) and had minimum resistivity of 18 M� cm). All
ther chemicals were of analytical-reagent grade. The filters and
nominal) pore sizes used were glass microfiber (0.7 and 1.0 �m,

hatmam Scientific Ltd., Kent, UK).
The preparation of the receptor molecule having the chemical

tructure 2,8,14,20-tetraundecylpirogallol[4]arene was previ-
usly reported [8]. The preparation of the permethoxy derivative
f this receptor was also reported in one of our previous paper
9].

The fluorescence was measured with a Perkin-Elmer
odel 612 double beam fluorescence spectrophotometer

sing excitation beam 276 nm. The calibration graph for the
etermination of dopamine was constructed by using the
,8,14,20-tetraundecylpirogallol[4]arene receptor, whereas for
he determination of ephedrine the permethoxy derivative of this
eceptor was used. The emission beam for the determination of
oth compounds was 471 nm.

A Perkin-Elmer differential scanning calorimeter (Model
SC-4) was used for the DSC experiments; the thermograms
ere processed by means of the Thermal Analysis Data Station

TADS) of the DSC-7.

.2. Procedures

Stabilized lipid films with incorporated receptor were pre-
ared by polymerization with a procedure similar to that
reviously described [7–9]. A 5 mg sample of a mixed lipid
owder containing 65% (w/w) DPPC, 35% (w/w) DPPA and
.26 mg of receptor was mixed with 0.070 mL of methacrylic
cid, 0.8 mL of ethylene glycol dimethacrylate, 8 mg of AIBN
nd 1.0 mL of acetonitrile. The mixture was sparged with nitro-
en for ∼1 min and sonicated for 30 min. This mixture could
e stored in the refrigerator. For the preparation of the stabi-
ized lipid films, 0.15 mL of this mixture was spread on the

icroporous filter disk (diameter of ∼9 mm). The polymeriza-
ion took place by using UV irradiation instead of the thermal
olymerization [7].

The stock aqueous solutions of dopamine and ephedrine were
.0100 and 0.0010 M. More dilute solutions were prepared daily,
ust before use. The solutions were placed on the center of the

icrofilter disk with the lipid film, using a microsyringe. The
uorescence spectrum was measured by cutting the microfiber
isk in half and placing it at 45◦ angle to the incident radia-
ion, vertical to the bottom of the cell of the fluorometer. All
xperiments were done at 25 ± 1 ◦C.

Solid DPPC and a piece of the filter with the stabilized lipid
lm (by cutting the microfiber disk and placing it in the DCS cell)

ith and without the receptors were used directly for the DSC

xperiments. The pan of the DSC instrument was hermetically
ealed. The samples were scanned between 20 and 80 ◦C with a
canning rate of 2.5 ◦C min−1.
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. Results and discussion

The preparation of stabilized in the air lipid films for repet-
tive uses has been reported in literature [5,6]; however, these
orks did not incorporate any protein or receptor during the
olymerization process, because the polymerization was made
y heating at 60–80 ◦C. This process may deactivate an enzyme
r a receptor that is incorporated in the lipid mixture, and for this
eason the enzyme (i.e., acetylcholinesterase) was incorporated
fter polymerization [6].

Raman spectroscopy has also provided information on the
echanism of polymerization and how the lipid film is attached

o the polymer [7]. The lipid is attached to the polymer through
lectrostatic bonding [7]. The peak at 1690 cm−1 (that corre-
ponds to the C O stretching of the methycrylate) was decreased
ith time, showing that the C O bond is altered to C O−; there-

ore, there is a formation of electrostatic bonding between the
O− and –NHR3

+ of phosphatidylcholine. There was also a
hift of wavenumber of the peak at 1176–1195 cm−1 that showed

strong electrostatic interaction between those two groups.
hese forces retain the lipid for multiple uses after storage in air
nd at the same time allow response similar to free suspended
LMs [7,10]. The enzyme in our recent work [7] was incorpo-

ated during the preparation of these polymerized lipid films and
he results have shown that no denaturation of the enzyme has
ccurred.

These stabilized lipid films supported on a polymer and pre-
ared as previously described [7] were presently used as optical
etectors for the rapid analysis of dopamine or ephedrine. Our
ecent papers [8,9] described the preparation of a sensor based
n a lipid film supported on a polymer, with incorporated recep-
ors, and that is stable in air; this could be used as a simple optical
est for the rapid screening detection of dopamine or ephedrine.
he results have shown that these lipid films supported on a
olymer can be reused after storage in air even after a period of
couple of months (in some cases the polymer is stable even for
eriods of 6 months) and can be reproducibly fabricated with
implicity and low cost. It was also observed that the colors
f the filters remain stable for periods of more than 2 months.
his method was faster and had a lower cost than the one based
n chromatographic techniques, and could be used as a rapid
etector complimentary to these methods in the case of dop-
ng of athletes. However, our previous methods provided both

semi-quantitative test and the determination were not based
n a calibration graph. In our present results a calibration graph
as obtained for each of these doping materials, and therefore
quantitative technique is described herein. Presently also lipid
lms composed of DPPC and containing DPPA were selected
or our experiments.

The present lipid films were found to show fluorescence emis-
ion using a UV lamp. The fluorescence emission spectrum of
he filters with the polymer containing the lipid film has two main
eaks (397 and 471 nm). When either receptor is incorporated in

he lipid film structure, the fluorescence emission is quenched.
ote that the filters do not provide any fluorescence [8]. An exci-

ation beam of 276 nm was used because this wavelength was
he maximum of absorption in UV.
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The UV spectra of the filters with the polymer containing
he lipid film with incorporated permethoxy receptor having a
rop of aqueous solution of ephedrine was previously presented
nd was similar to that of dopamine [9]. The absorption max-
mum also appeared at 276 nm; therefore, an excitation beam
f 276 nm was used for the present measurements of ephedrine.
wo main peaks appeared in the fluorescence emission spec-

rum of the filters with the polymer containing the lipid film, at
97 and 471 nm. When the permethoxy derivative of the resor-
in[4]arene receptor is incorporated into the lipid film structure,
he fluorescence emission was quenched [9]. The emission spec-
rum of the filters was previously provided [8,9] and the filters
id not provide any fluorescence. The fluorescence emission
pectrum of the methacrylate polymer containing the lipid film
ith incorporated receptor having a drop of ephedrine provides

wo-emission maximum (397 and 471 nm). The emission maxi-
um at 471 nm was presently selected in both determinations of

opamine or ephedrine due to the fact that this maximum was the
argest between the two peaks. The polymerization could be seen
ptically under a mercury lamp with naked eye similar to those
reviously described [8,9]. The filters scatter the light (because
he color is the same as that of the mercury lamp), whereas the
olymer with incorporated lipids have a different color (bluish).
he fluorescence emission is due to the formation of an electro-
tatic bond between the amino group of the lipid film with the
arbonyl group of methacrylic acid during the polymerization
tage [7] that provides a polymer that is rigid, and this is the
eason of its fluorescence emission.

When the receptor molecules are incorporated in the struc-
ure of polymerised lipid films, the polymer with the lipid film
ecomes more flexible due to the incorporation of the receptor
n the structure of the polymer [11–13]. The incorporation of a
eceptor alters the phase structure of the lipid to more fluid. It
s well known that a complex formation between the receptor
nd dopamine takes place through hydrogen bonding [13–15]
nd the structure of the film becomes again less fluid [12,16].
he mechanism of signal generation was presently studied using
SC experiments. The phase transition temperature (Tm) of the
PPC was found to be 62 ± 1.0 ◦C (Fig. 1A). Note that the
m of DPPC liposomes is 42 ◦C. However, presently DPPC

n lipid films is polymerized and therefore exists in the solid
tate. When the permethoxy receptor was incorporated within
he lipid film, the phase transition temperature was decreased
o 56 ± 1.0 ◦C (Fig. 1B). These results show that the fluidity
f the lipid film is increased and therefore the fluorescence is
xpected to be decreased or disappear. In our case, the benzene
ing of ephedrine is intercalated within the cavity of the recep-
or molecule (Fig. 2) due to the hydrophobic interactions of the
enzene rings of the receptor and ephedrine, and the formation
f pseudo hydrogen bonding between the hydrogen of the –OH
r NH groups of ephedrine and the oxygen of the methoxy
roup of the receptor. This results again in an increase of the
hase transition of the lipid film in the presence of ephedrine

o 61 ± 1 ◦C (depending on ephedrine concentration, presently
concentration of 1 × 10−3 M of ephedrine was used) (Fig. 1C)
hich shows that the lipid film again becomes more crystalline

nd as a result the fluorescence is again “switched on”.



580 D.P. Nikolelis et al. / Sensors and Actuators B 130 (2008) 577–582

F
(
1

a
q
m
u
W
u
t
a
s
v
w
t
b
i
r
c
(
t
o
a
c

Fig. 3. Calibration graph for dopamine and ephedrine. The graph of dopamine
w
o

p
p

f
a
i
s
6
t
c

T
f
r
t
i
t
s
r
[

ig. 1. DSC thermographs of DPPC (A) with incorporated ephedrine receptor
B) and DPPC with incorporated permethoxy receptor having a drop of ephedrine
× 10−3 M (C).

Indeed, when the dopamine or ephedrine receptor molecules
re incorporated within the lipid film structure, this results in the
uenching of the fluorescence emission. The color of the poly-
er with the lipid film containing the receptor is again purple

nder a UV lamp, similar to that of the glass fiber filters [8,9].
hen a drop of a sample of human urine containing the stim-

lant is deposited on the filter with the polymerised lipid film,
he fluorescence is again “switched on” and the color becomes
gain blue in the spot where the drop of real samples of urine
piked dopamine was deposited. Results of such detection using
arious concentrations of dopamine (i.e., 10−7 and 10−8 M)
ere previously reported. Similar results were obtained when

he permethoxy receptor was incorporated within the lipid film
efore polymerization in the absence or presence of ephedrine,
n which the fluorescence is “switched off” or “switched on”,
espectively. Real samples of urine were spiked with different
oncentrations of ephedrine and provided again fluorescence
i.e., 10−9, 10−8 and 10−7 M, see Ref. [9]). The advantage of

he present detection is that this “switching on” or “switching
ff” of the fluorescence can be seen with naked eye and offers
simple detection route with detection limits down to 10−9 M

oncentration levels. Blank experiments, i.e., a drop of real sam-

s
[
r
i

Fig. 2. A schematic illustration of the inter
as made using the 2,8,14,20-tetraundecylpirogallol[4]arene, whereas the graph
f ephedrine was made with lipid films with incorporated permethoxy receptor.

le of urine without spiked with dopamine or ephedrine did not
rovide “switching on” of the fluorescence.

The above results only provide a semi-quantitative method
or the rapid detection of these doping materials that can be used
s a portable simple screening optical device/sensor. However,
n order to obtain more quantitative data, the fluorescence inten-
ity was quantitatively measured using a Perkin-Elmer Model
12 double beam fluorescence spectrophotometer using exci-
ation beam 276 nm and emission at 471 nm. Fig. 3 shows the
alibration graphs for ephedrine and dopamine.

Each graph was obtained in the presence of each receptor.
he 2,8,14,20-tetraundecylpirogallol[4]arene receptor was used

or the determination of dopamine, whereas the permethoxy
eceptor for the determination of ephedrine. The amounts of
he receptors are given in the Section 2. These graphs are sim-
lar to Langmuir adsorption isotherm. The concentration range
hat can be determined is between 0 and 100 nM. Lipid-based
ensors were previously investigated for use as detectors for the
apid repetitive analysis of dopamine, adrenaline and ephedrine
16]. It was found that the resorcin[4]arene receptor has good
electivity toward dopamine against adrenaline and ephedrine

17]. The clear selectivity pattern was attributed to “molecular
ecognition” involving cavity-shape fitting and hydrogen bond-
ng interactions, as common for resorcinol-derived calixarenes

action between receptor and analyte.
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14,15]. On the basis of investigations that exploited the selec-
ivity of the receptor toward these catecholamines [17], the
electivity coefficients as proposed by Wang [18] were calcu-
ated and found to be 11.5 for dopamine and 0.64 for ephedrine
f adrenaline is the primary species.

Interference studies were done with the present sensor. These
xperiments included investigation of most commonly found
ompounds in real samples of human urine (ascorbic aid, glu-
ose, leucine, glycine, tartrate, citrate, bicarbonate and caffeine).
o significant interferences were noticed from the presence of

hese compounds (i.e., the relative error in all the cases was
ess than 5%). The matrix effects that were due to proteins
ere also investigated in these reports. Urine protein concentra-

ions are between 100 and 200 mg L−1 of urine corresponding to
bout 40–150 mg/daily [19]. The most common protein in urine
s albumin (i.e., concentration of albumin in urine is between
5 and 55 mg L−1 depending on the age and sex) [19]. No
nterference was observed for concentrations of albumin up to
.22 g L−1. For larger concentrations, interference from albu-
in was observed. Therefore, these results have shown that the

resent sensor could be used for the rapid detection of dopamine
r ephedrine in human urine. The interference results are sum-
arized as follows: A drop of sample containing ascorbic aid,

lucose, leucine, glycine, tartrate, citrate, bicarbonate, caffeine
nd albumin at concentrations up to 3.22 g L−1 did not provide
ny fluorescence. These results and the results obtained using
he above blank experiment shows that the present technique
an be applied in human urine without interferences from the
atrix.
The present paper describes the preparation of a sensor based

n a lipid film supported on a polymer with incorporated recep-
or and that is stable in air, which can be used as a simple optical
est for the rapid screening detection of dopamine and poten-
ially could be commercialized. The results have shown that
hese lipid films supported on a polymer can be reused after
torage in air even after a period of a month and can be repro-
ucibly fabricated with simplicity and low cost. Note that there
re a large number of analytical methods for determining urinary
atecholamines in healthy subjects. These techniques mainly
nclude HPLC methods [20–22]. The present method is faster
nd has a lower cost than the one based on chromatographic tech-
iques and can be used complimentary to these methods. The
resent method can be applied to the rapid detection (i.e., in less
han 1 min) of this stimulating compound in human urine and
herefore can be used as a rapid detector in the case of doping of
thletes.

cknowledgements

This work was carried out in the framework of the
Receptronics” EC project (NMP4-CT-2005-017114) with the
nancial contribution of the European Commission (contract no.
0/3/8307). The authors express their acknowledgements for the

nancial help of the Greek Ministry of Development, General
ecretariat of Research and Technology (contract 70/3/8268)
nd of Special Account for Research Grants of the National &
apodistrian University of Athens (contract 70/4/5730).

[

tuators B 130 (2008) 577–582 581

eferences

[1] H. Minami, M. Sugawara, K. Odashima, Y. Umezawa, M. Uto, E.K.
Michaelis, T. Kuwana, Ion channel sensors for glutamic acid, Anal. Chem.
63 (1991) 2787–2795.

[2] N. Sugao, M. Sugawara, H. Minami, M. Uto, Y. Umezawa, Na+/d-glucose
cotransporter-based bilayer lipid membrane sensor for d-glucose, Anal.
Chem. 65 (1993) 363–369.

[3] N. Fertig, A. Tilke, R.H. Blick, J.P. Kotthaus, J.C. Behrends, G. Ten
Bruggencate, Stable integration of isolated cell membrane patches in a
nanomachined aperture, Appl. Phys. Lett. 77 (8) (2000) 1218–1220.

[4] N. Fertig, C. Meyer, R.H. Blick, C.H. Trautmann, J.C. Behrends,
Microstructured glass chip for ion-channel electrophysiology, Phys. Rev.
E 64 (4) (2001), art. no. 040901, Part 1.

[5] D.P. Nikolelis, M. Mitrokotsa, Stabilized lipid film-based biosensor for
atenolol, Biosens. Bioelectron. 17 (2002) 565–572.

[6] D.P. Nikolelis, M.G. Simantiraki, C.G. Siontorou, K. Toth, Flow injection
analysis of carbofuran in foods using air stable lipid film-based acetyl-
choline biosensor, Anal. Chim. Acta 537 (2005) 169–177.

[7] D.P. Nikolelis, G. Raftopoulou, G.-P. Nikoleli, M. Simantiraki, Stabilized
lipid membrane-based biosensors with incorporated enzyme for repetitive
uses, Electroanalysis 18 (24) (2006) 2467–2474.

[8] D.P. Nikolelis, D.A. Drivelos, M.G. Simantiraki, S. Koinis, An optical spot
test for the detection of dopamine in human urine using stabilized in air
lipid films, Anal. Chem. 76 (8) (2004) 2174–2180.

[9] D.P. Nikolelis, N. Psaroudakis, N. Ferderigos, Preparation of a selective
receptor for ephedrine for the development of an optical spot test for the
detection of ephedrine in human urine using stabilized in air lipid films
with incorporated receptor, Anal. Chem. 77 (10) (2005) 3217–3221.

10] D.P. Nikolelis, M. Mitrokotsa, Rapid electrochemical detection of propra-
nolol and metopropol in pharmaceutical preparations using stabilized lipid
films, Electroanalysis 16 (2004) 741–747.

11] D.P. Nikolelis, T. Hianik, U.J. Krull, Biosensors based on thin lipid films
and liposomes, Electroanalysis 1 (1999) 7–15.

12] J.-M. Boggs, Lipid intermolecular hydrogen bonding: influence on struc-
tural organization and membrane function, Biochem. Cell Biol. 906 (1987)
353–404.

13] P. Yeagle, The Structure of Biological Membranes, CRC Press, Boca Raton,
FL, 1992, p. 107.

14] J. Wang, J. Liu, Calixarene-coated amperometric detectors, Anal. Chim.
Acta 294 (1994) 201–206.

15] K. Odashima, K. Yagi, K. Yohda, Y. Umezawa, Response in membrane
potential by homooxacalix[3]arene triether host incorporated in PVC,
Bioorg. Med. Chem. Lett. 9 (1999) 2375–2378.

16] D.P. Nikolelis, S.-S. Petropoulou, Investigation of a resorcin[4]arene
receptor with bilayer lipid membranes (BLMs) for the electrochemical
biosensing of mixtures of dopamine and ephedrine, Biochim. Biophys.
Acta 1558 (2002) 238–245.

17] D.P. Nikolelis, C.G. Siontorou, G. Theoharis, I. Bitter, Flow injection anal-
ysis of mixtures of dopamine, adrenaline and ephedrine in human biofluids
using stabilized in air lipid films with incorporated ephedrine receptor,
Electroanalysis 17 (10) (2005) 887–894.

18] J. Wang, L. Chen, Selectivity coefficients of class-selective enzyme elec-
trodes, Biosens. Bioelectron. 11 (1996) 751–756.

19] L.A. Kaplan, A.J. Pense, Clinical Chemistry, 2nd ed., The C.V. Mosby
Company, St. Louis, MO, 1989, pp. 351, 352, 827, 828, 1060–1064.

20] G. Aymard, B. Labarthe, D. Warot, I. Berlin, B. Diquet, Sensitive deter-
mination of ephedrine and norephedrine in human plasma samples using
derivatization with 9-fluorenylmethyl chloroformate and liquid chromatog-
raphy, J. Chromatogr. B: Biomed. Sci. Appl. 744 (1) (2000) 25–31.

21] Y. Wang, D.S. Fice, P.K.F. Yeung, A simple high-performance liquid
chromatography assay for simultaneous determination of plasma
norepinephrine, epinephrine, dopamine and 3,4-dihydroxyphenyl

acetic acid, J. Pharm. Biomed. Anal. 21 (3) (1999) 519–
525.

22] R.P.H. Nikolajsen, A.M. Hansen, Analytical methods for determining uri-
nary catecholamines in healthy subjects, Anal. Chim. Acta 449 (2001)
1–15.



5 nd Ac

B

D
h
o
f
l
e

G
a
H
t

P
h
i
m

G
2
A

82 D.P. Nikolelis et al. / Sensors a

iographies

imitrios P. Nikolelis received his PhD from University of Athens in 1976 and
e is a prof. of environmental chemistry in Department of Chemistry, University
f Athens. His current interests include: development of portable biosensors
or the rapid detection of toxicants in environmental, food and other samples,
ipid films, nanotechnology, electrochemistry, spectrophotometry, HPLC and
nvironmental analysis.
aryfallia Raftopoulou received her MSc from University of Athens in 2004
nd she is a graduate student in Department of Chemistry, University of Athens.
er current interests include the development of biosensors for the detection of

oxicants in foods.

K
p
H
p

tuators B 130 (2008) 577–582

etros Chatzigeorgiou received his MSc from University of Athens in 2007 and
e is a graduate student in Department of Chemistry, University of Athens. His
nterests include: vibrational spectroscopy and thermal properties of bioactive

aterials.

eorgia-Paraskevi Nikoleli received her BSc from University of Athens in
007 and she is an MSc student in Department of Chemistry, University of
thens. Her interests include: environmental and food analysis and nutrition.
yriakos Viras received his PhD from University of Athens in 1978 and he is a
rof. of physical chemistry in Department of Chemistry, University of Athens.
is current interests include: vibrational spectroscopy and thermal properties of
olymers.


	Optical portable biosensors based on stabilized lipid membrane for the rapid detection of doping materials in human urine
	Introduction
	Experimental
	Materials and equipment
	Procedures

	Results and discussion
	Acknowledgements
	References


