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G.A. Ibãnez, G.M. Escandar∗

Departamento de Qu´ımica Anal´ıtica, Facultad de Ciencias Bioqu´ımicas y Farmac´euticas, Universidad Nacional de Rosario,
Suipacha 531, S2002LRK Rosario, Argentina

Received 22 April 2004; received in revised form 30 September 2004; accepted 1 October 2004
Available online 13 November 2004

Abstract

A rapid and sensitive method for the determination of naproxen and salicylate in serum is presented. The employed strategy combines
solid-phase extraction on a reverse-phase membrane with spectrofluorimetry. Solid-phase extraction under optimum pH conditions makes NX
to be retained over the solid surface (where it is directly determined by a fluorimetric technique). Salicylate passes through the disk and is also
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uorimetrically determined, but in solution. The linear calibration ranges for NX in the membrane and salicylate in solution were 0.0
nd 0.010–0.250�g ml−1, respectively. The lowest value, in each case, is the corresponding limit of quantitation. The performan
ethod is demonstrated with the successful determination of both drugs in spiked and real human serum samples.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Naproxen (NX) [(+)-2-(6-methoxy-2-naphtyl)propionic
cid] and salicylate (SA) [2-hydroxybenzoate] (Fig. 1), are

wo non-steroidal anti-inflammatory drugs with analgesic,
nti-inflammatory and antipyretic properties[1].

Serum SA mainly comes from the hydrolysis of the
idely used acetylsalicylic acid (aspirin), whose in vivo anti-

nflammatory activity has been demonstrated to be essentially
ue to SA[1]. Comparative studies showed that there are no
ignificant differences as regards the therapeutic efficacy of
he studied compounds, but NX is better tolerated than aspirin
2]. The concomitant administration of NX with aspirin was
hown to be more effective than of aspirin alone[3]. When
nti-inflammatory treatments become chronic, as in the case
heumatoid arthritis, the patients are exposed to the drugs for
rolonged time periods. Therefore, the monitoring of serum
oncentrations is of great value in preventing toxicity.

∗ Corresponding author. Tel.: +54 341 4372704; fax: +54 341 4372704.
E-mail address:gescanda@fbioyf.unr.edu.ar (G.M. Escandar).

Several high-performance liquid chromatograp
(HPLC) methods have been proposed for the evaluatio
NX [4–6], SA [7–10] or both [11,12] in serum or plasm
samples. Because of the luminescence properties of
active principles, various analytical methodologies u
this type of signals have also been reported[13–19]. The
simultaneous control of these drugs in serum by fluo
cence techniques presents difficulties, due to their m
interference and that arising from the matrix. To so
this problem, different approaches have been used,
as second-derivative synchronous spectrofluorimetry[20],
or first-order [21,22] and second-order[23] multivariate
calibration of fluorescence data. As a new alternativ
both chromatographic and the rather complex chemom
methods, we have evaluated a simple and effective app
for the determination of NX and SA in human serum i
single experiment. Specifically, the neutral form of NX
extracted from the sample by using an octadecyl extra
membrane and is fluorimetrically determined on the s
surface. The un-retained SA is then spectrofluoriemtric
determined in the sample extract.
731-7085/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2004.10.003
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Fig. 1. Structures of the studied compounds.

Solid-phase extraction (SPE) typically refers to a proce-
dure that concentrates and purifies analytes from solution by
retention onto a solid phase, followed by elution of the analyte
with an adequate solvent for instrumental analysis (generally,
liquid and gas chromatographies). However, in the present
case, the solid-surface serves as a retention material for NX
and as support for its fluorescence determination. Obviously,
the elution step mentioned above is not necessary. Recently,
the phosphorimetric determination of NX on a substrate filter
paper was carried out[24]. However, to the extent of our liter-
ature search, NX has not been fluorimetrically determined in a
solid-phase. In general, methods involving solid-phase spec-
trofluorimetry compare very favourably with other analytical
techniques in terms of sensitivity and selectivity[25–28], and
we have successfully applied this methodology for the deter-
mination of piroxicam in pharmaceutical formulations and
serum[29,30]. According to our experience, the procedure
is of low-cost and very simple manipulation, and represents
a promising methodology for trace analyses.

2. Experimental

2.1. Reagents and solutions
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2.2. SPE-solid-surface fluorescence

The solid-phase extraction was performed with SPEC®

(solid-phase extraction concentrator) octadecyl (C18 AR)
disks, which are indicated for retaining non-polar com-
pounds. These membranes were obtained from Ansys Diag-
nostics (Lake Forest, CA, USA). Membranes (47 mm) were
dissected into 13 mm disks. The smaller disks were loaded
into a 13 mm stainless steel filter syringe kit (Alltech, Deer-
field, IL, USA) and placed into a 5 ml syringe (Hamilton,
Reno, NV, USA). Prior to sample application, the mem-
brane was conditioned with 1 ml of methanol. Positive pres-
sure was used to force all liquid solutions (5 ml) through
the membrane in approximately 30 s per sample. This flow
rate is in the optimum range for maximum breakthrough vol-
ume (10–30 ml min−1) [31]. Following the NX extraction,
the sample was dried by forcing two 25 ml volumes of air
through the disk using a 25 ml syringe (Hamilton, Reno, NV,
USA). The disk was then placed in a laboratory-made SPE
membrane holder[32] and the fluorescence spectra were col-
lected at 90◦, irradiating at 272 nm and obtaining the emission
at 350 nm. The SA content was spectrofluorimetrically in-
vestigated in the un-extracted solution, using 1.00 cm quartz
cells, slit widths of 4 nm, excitation at 297 nm and fluores-
cence emission obtained at 405 nm. The temperature was
m ◦ ere
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Analytical-reagent grade chemicals were used in al
eriments. Stock solutions (approximately 4000�g ml−1) of
aproxen sodium salt (Sigma, St. Louis, MO, USA)
odium salicylate (Merck, Darmstadt, Germany) were
ared by dissolving the adequate weight of each comp

n doubly distilled water. From these concentrated soluti
0.0�g ml−1 working solutions were prepared. A buffer

ution of acetate/acetic acid of pH 4.0 was prepared
50 ml volumetric flask by adding HCl 1.0 M to 6.6 g
odium acetate (Cicarelli, San Lorenzo, Argentina) an
uting to the mark with water. Methanol was purchased f

erck (Darmstadt, Germany).
aintained at 20C. Spectrofluorimetric measurements w
erformed using an Aminco Bowman (Rochester, NY, U
eries 2 luminescence spectrometer equipped with a 1
enon lamp, a 486 personal computer, a GPIB (IEEE-
nterface card for computer instrument communication a
hermostated cell holder. Data acquisition and data ana
ere performed by use of the AB2 Series 2 software, run
nder OS/2 version 4.0.

.3. Calibration curves

Different dilutions of the 20.0�g ml−1 NX standard so
ution with acetate buffer (pH 4.0) were made in orde
btain concentrations in the range 0–0.250�g ml−1. Then,
PE and fluorescence measurements were performed
rocedure described above. Independent calibration solu
f SA were prepared by appropriate dilutions of the s
olution with acetate buffer (pH 4) in order to achieve c
entrations in the range 0–0.250�g ml−1. The fluorescenc
ntensities of the latter solutions were directly measured.
alibration point was performed by triplicate in all cases.
loratory determinations were performed over artificial a
us samples prepared with different concentrations of
X and SA, in the corresponding ranges mentioned ab

ollowing a random design.

.4. Serum samples

It was verified that a maximum plasma concentratio
A following a single oral administration of 500 mg of asp

s reached between 2 and 3 h, with values around 30�g ml−1
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[9]. However, toxicity often occurs at SA concentrations
about 300�g ml−1 [33]. On the other hand, mean values of
maximum plasma NX concentration under therapeutic doses
are between 40 and 65�g ml−1, depending on the treatment
days[34]. Overdoses of NX produce plasma concentrations
larger than 200�g ml−1 [1].

For serum analysis, a set of eleven samples was prepared
by spiking normal human sera with both NX and SA aque-
ous solutions in order to obtain maximum concentrations
which are near to those known to cause overdose or toxi-
city. Nine of these samples corresponded to the concentra-
tions provided by a full factorial design at three levels. This
design is described as a 3k -design, where the base 3 stands
for the number of factor levels (the analysed concentrations)
andk expresses the number of compounds. The three tested
NX concentrations were: 97, 181 and 300�g ml−1, and those
corresponding to SA were: 101, 181 and 309�g ml−1. The
remaining two samples contained only one of the studied an-
alytes at an intermediate concentration (CNX = 213�g ml−1

andCSA = 181�g ml−1). The extraction of the studied ana-
lytes from serum into methanol was tested and a quantitative
recovery was corroborated. Thus, a volume of 40.0�l of a
given spiked serum sample was placed in a capped flask and
1.00 ml of methanol was added. The tube was shaken and
centrifuged (10 min at 2500×g). An aliquot of 100.0�l of
t y use
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Fig. 2. Fluorescence spectra for (A) aqueous solutions of (—) NX and
(– ·· –) SA (CNX =CSA = 0.150�g ml−1, pH 4.0, λex (NX) = 272 nm,λex

(SA) = 297 nm, PMT sensitivity = 650 V); and (B) for (—) NX contained
in a diluted serum sample and extracted on a C18AR membrane and (– –)
the background membrane signal (CNX = 0.050�g ml−1, PMT sensitiv-
ity = 300 V),λex = 272 nm.

neutral pH was demonstrated[23]. This fact, in principle,
hinders the direct fluorimetric determination of the investi-
gated compounds in this type of matrix. As was previously
verified, this problem could be overcome by applying strate-
gies involving chemometric tools[23]. However, the physical
separation is an interesting alternative for workers not famil-
iarised with chemometric analysis. Thus, the performance
of solid-phase extraction prior to fluorescence detection was
investigated.

3.1. Naproxen solid-phase extraction and salicylate in
the sample extract

The ionization state of the analyte in the working solution
is essential for either the adsorption or elution from the solid
surface used as support. Because of the nature of the selected
membrane (reversed-phase) for the adequate retention of NX,
this compound must be in its neutral form. According to the
acidity constant value of NX (pKa = 5.09[19]), below pH 5
the carboxylic group of NX is mostly protonated, leading to
an uncharged molecule able for retention on the mentioned
membrane.

Fig. 2shows the fluorescence spectra of NX both in aque-
ous solution and adsorbed on the extraction surface. When
compared to the analyte signal on the membrane, the back-
g ion
a pec-
t em-
b ores-
c
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he supernatant was transferred to a flask, evaporated b
f dry nitrogen, and 5 ml of acetate buffer were added to
ask in order to obtain final concentrations for NX and
hich were within the linear ranges for the analytes.

mportant to point out that these series of operations
nly a few minutes. Each serum sample was prepared in

icate. The corresponding fluorescence spectra were re
ither surface or solution for the NX and SA determinat
espectively.

The concentrations of both NX and SA in unknown s
les were corroborated by high-pressure liquid chromato
hy (HPLC) following the chromatographic conditions s
ested in the literature[11]. HPLC was carried out on a li
id chromatograph equipped with a Waters (Milford, M
SA) 515 HPLC pump and a UV detector. A 20.0�l loop
as employed to spread the sample on to a Zorbax SB
olumn (5�m average particle size, 150 mm× 4.6 mm i.d.)
etections were at 254 and 297 nm for NX and SA, res

ively.
For these measurements, samples were prepared a

ows: 200.0�l of serum sample were treated with 1.00
f methanol and 50.0�l of HClO4 (18%) and, after 2 mi
ortexed, it was centrifuged (10 min at 2500×g). The super
atant was separated, filtered and 20.0�l were injected into

he HPLC column under the reference conditions.

. Results and discussion

In a previous paper, the overlapping between the fluo
ence emission for a normal human serum, NX and S
-

round signal of the disk is low, allowing NX determinat
t low concentration levels. The comparison of this s

rum with that in aqueous solution shows that the SPE m
rane does not promote significant changes in the flu
ence emission of NX.

On the other hand, the other studied compound (sali
cid, pKa1= 2.80, pKa2= 13.4 [35]) must be in its charge

orm for a complete passage through the disk without re
ion. The study of the fluorescence intensity dependen
alicylic acid with the pH was previously investigated[36].
he results indicated that a high and pH-independent
escence emission is attained above pH 4, where sal
cid is present in solution in its deprotonated (negati
harged) form. The C18AR membrane does not retain
nionic form and therefore SA can be spectrofluorimetric
etermined in the un-extracted solution at the same pH
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Table 1
Fluorescence analytical figures of merit of NX in C18AR membrane and SA
in solution (pH 4.0,t= 20◦C)a

NX SA

Linear range (�g ml−1) 0.014–0.250 0.010–0.250
Correlation coefficient (r) 0.999 0.999
hb 5.8 (0.4) 1.1 (0.2)
mc 503 (3) 373 (2)
γd (�g−1 ml) 473 648
LODe (�g ml−1) 0.005 0.003
LOQf (�g ml−1) 0.014 0.010
R.S.D.g (%) 0.7 0.6

a The number of data for each calibration curve corresponds to nine dif-
ferent concentration levels, with three replicates for each level (n= 27).

b Intercept (standard deviation within parenthesis).
c Slope (standard deviation within parenthesis).
d Analytical sensitivity:γ =m/Ss, whereSsis the standard deviation of

the regression residuals[42].
e Limit of detection: calculated according to Clayton et al.[43] using 0.05

as assurance probabilities.
f Limit of quantitation.
g Relative standard deviation:CNX =CSA = 0.150�g ml−1 (five repli-

cates were measured in each case, in different days).

for NX separation (Fig. 2). Thus, pH 4.0 was selected as the
working pH, which is easily obtained by using an appropriate
acetate/acetic buffer solution.

Both the complete retention of NX on the disk and the
total elution of SA in the non-extracted solution were con-
firmed by comparing the fluorescence intensities of the so-
lutions before and after the extraction procedure. For this
experiment, solutions containing either NX or SA at concen-
trations within the linear range of the calibration curve were
prepared and analysed. It is important to indicate that the
sample with the highest concentration of NX (0.250�g ml−1)
contains 1.25�g of this compound, and therefore it does not
exceed the extraction capacity of the C18 membrane (about
1–10%, w/w)[37]. The recoveries of NX and SA from so-
lutions containing four different concentration levels (0.016,
0.050, 0.150 and 0.250�g ml−1) of each analyte ranged from
99.4 to 100.0% for NX (with standard deviations in the range
0.1 to 0.3%, calculated on triplicate samples), and from 96 to
99% for SA (with standard deviations in the range 1 to 2%,
calculated on triplicate samples). Using the latter informa-
tion, a statistical analysis showed no significant differences,
based on at-test for comparing (at 95% confidence level)
the ideal 100% recovery with each of those experimentally
obtained.

3
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Table 2
Limits of detection (LOD) for NX using different methods of determination

Techniquea LOD (�g ml−1) Reference

SF 0.03b [21]
MS–RTF 0.004c [14]
MS–RTP 0.014b [18]
CS–RTP 0.03d [19]
HPLC–UV 0.05e [4]
HPLC–DA 0.05e [4]
HPLC–F 0.02e [4]
GC–MS 0.02e [4]
SS–RTP 0.0027b [24]
SS–RTF 0.005d This work

a SF: spectrofluorimetry; MS–RTF: micelle-stabilised room-temperature
fluorescence; micelle-stabilise room-temperature phosphorescence;
CS–RTP: cyclodextrins-stabilised room-temperature phosphorescence;
HPLC–UV: high-performance liquid chromatography–ultraviolet detection;
HPLC–DA: high-performance liquid chromatography–diode-array detec-
tion; HPLC–F: high-performance liquid chromatography–fluorescence
detection; GC–MS: gas chromatography–mass spectrometry, RTP:
solid-surface room-temperature phosphorescence; SS–RTF: solid-surface
room-temperature fluorescence.

b Calculated as a signal:noise ratio = 3.
c Calculated according to Long and Winefordner[44].
d Calculated according to Clayton et al.[43].
e Method for calculation not indicated.

by using different methodologies. The method presently pro-
posed compares very favorably with previous ones, taking
into account that in our case the rigorous Clayton definition
was applied for limits of detection calculation. InTable 3,
results are shown as regards a preliminary quantitative study
carried out with different binary synthetic samples. A rapid
inspection of the values obtained seems to indicate that the
used strategy yields good results. In order to gain further in-
sight into the accuracy of the method, linear regression anal-
ysis of nominal versus found concentration values of both
compounds was applied. The estimated intercept and slope
(â andb̂, respectively) were compared with their ideal values
of 0 and 1 using the elliptical joint confidence region (EJCR)
test[39] (Fig. 3).

As can be seen, the EJCR contains the theoretical (a= 0,
b= 1) point, concluding that the proposed approach yields
statistically accurate results.

Table 3
Determination of NX and SA in binary artificial mixturesa

Actual concentration
(�g ml−1)

Found concentration
(�g ml−1)

Recover
(%)

NX 0.032 0.030 (0.001) 94
SA 0.206 0.203 (0.001) 99
NX 0.100 0.105 (0.009) 105
S
N
S
N
S
N
S

.2. Analytical figures of merit

Table 1displays the analytical figures of merit calcula
or NX on the extraction membrane and SA in liquid solut
he linearity for each curve was tested by an ANOVA met

38]. As can be observed, the analytical parameters a
igh quality, with special attention toγ (analytical sensitiv

ty) values and limits of detection and quantitation.Table 2
ummarises limits of detection previously described for
A 0.150 0.149 (0.004) 99
X 0.150 0.153 (0.003) 102
A 0.100 0.101 (0.001) 101
X 0.250 0.250 (0.002) 100
A 0.032 0.030 (0.001) 94
X 0.250 0.251 (0.001) 100
A 0.206 0.202 (0.004) 98

a Standard deviation (average of three replicates) in parenthesis.
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Fig. 3. (A) Plot of the NX (©) and SA (�) concentrations predicted by the
proposed method in binary artificial samples, as a function of the nominal
values. Error bars indicate the standard deviations of the triplicate sample
analysis (seeTable 3). The solid line is the perfect fit. (B) Elliptical joint
region (at 95% confidence level) for the slope and intercept of the weighted
least-squares regression of the data shown in plot (A). The circle marks the
theoretical (a= 0,b= 1) point.

3.3. Effect of foreign species

To evaluate the potential effect of other compounds, a
systematic study of the effect produced by these species on
the determination of serum samples containing both NX and
SA was carried out. The investigated potential interferences
were other anti-inflammatory drugs, analgesics and vitamins
which could be found in the serum of patients under anti-
inflammatory therapy.

The detection of NX might be susceptible to the interfer-
ence of analytes concomitantly retained by the membrane at
the working pH. These interferences can either increase the
resulting signal (if they emit near the NX signal), or pro-
duce a less intense signal by inner filter effect. On the other
hand, SA might be sensitive to the interference of compounds
not-retained by the disk, which can also fluoresce itself or de-
crease the SA signal by inner filter mechanism. Compounds
partially retained on the membrane should be investigated
both in the solid surface and in solution. Therefore, the ioniza-
tion state at the working pH and the absorption and emission
wavelengths of each compound was taken into account.

This study was performed by adding known amounts of
each tested species to a solution containing 0.150�g ml−1 of

both NX and SA. The amounts were such that the relationship
(�g ml−1 foreign species/�g ml−1 NX or SA) ranged up to a
value of 50. If interference occurred, the concentration of the
foreign species was progressively reduced until the interfer-
ence ceased. Tolerance was defined as the relative amount of
interfering species that produced an error not exceeding±2.1
and±1.8% in the determination of NX and SA, respectively.
These latter values represent three times the relative stan-
dard deviation (R.S.D.) corresponding to each analyte (see
Table 1).

Table 4collects the results obtained. An inspection of
this Table indicates that the lower tolerance values for
NX correspond to mefenamic acid, piroxicam, caffeine and
cyanocobalamin, whose serum concentrations at toxic levels
are 25, 24, 15 and >0.0014�g ml−1, respectively[40]. There-
fore, if the dilution produced by the serum treatment indicated
in the experimental section is taken into account, one can con-
clude that these compounds do not constitute a real interfer-
ence. A similar conclusion is obtained when the interferences
on the SA determination are analyzed. The serum concentra-
tion value of pyridoxine at a toxic level (0.0018�g ml−1 [40])
is significantly lower than the accepted tolerance.

3.4. Validation and application of the method

3
on-
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e
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Table 4
Effect of foreign species on the determination of 0.150�g ml−1 of NX and SA

F λ

(

I
M
P 12
P
D
P 0.1
C
P
C
A 5

xtractio
oreign species Therapeutic action pKa’s

buprofen Anti-inflammatory-analgesic 4.12
efenamic acid Anti-inflammatory-analgesic 4.2
iroxicam Anti-inflammatory-analgesic 1.81, 5.
aracetamol Analgesic 9.91
extropropoxyphene Analgesic 6.3
henylephrine Sympathomimetic agent 9.02, 1
affeine Central nervous stimulant 3.60
yridoxine Vitamin 4.94, 8.89
yanocobalamin Vitamin
scorbic acid Vitamin 4.03, 10.9

a The concentration of NX corresponds to the solution before the e
b Maximum tested tolerance level.
c Compound completely retained on the membrane.
d Compound not retained on the membrane.
.4.1. Spiked serum samples
Table 5shows the nominal and predicted NX and SA c

entrations in spiked serum samples. The absence of int
nce from the matrix was confirmed by the very good re
ries. The EJCR test was also successfully applied (Fig. 4).
s was mentioned in the experimental section, the mon

ng of drugs such as anti-inflammatories becomes of
ial interest under situations where overdose is a health
herefore, the suggested protocol was designed to e

hat samples with the highest concentrations could be
ropriately diluted, in order to be measured within the
ar ranges of the corresponding calibration curves. This
btained by working with a few microlitters of serum, a

absor λex

nm)
λem

(nm)
Interference/NXa

(�g ml−1/�g ml−1)
Interference/SA
(�g ml−1/�g ml−1)

262 288 10 50b

279, 350 413 0.1 50b

320 340 0.1 c

240 50b c

257 d 50b

277 300 d 50b

270 0.9 50b

285 392 d 0.2
351, 276 0.5 50b

243 50b 50b

n step.



154 G.A. Ibañez, G.M. Escandar / Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 149–155

Table 5
Determination of NX and SA in spiked and real serum samplesa

Spiked
samples

Nominal concentration
(�g ml−1)

Found by the proposed
method (�g ml−1)

NX 213 220 (1) [103]
SA 0 0 (0.5) [100]
NX 181 173 (1) [96]
SA 181 175 (1) [97]
NX 300 312 (4) [104]
SA 309 302 (1) [98]
NX 97 92 (2) [95]
SA 101 98 (3) [97]
NX 0 0 (0.5) [100]
SA 181 176 (1) [97]
NX 181 181 (3) [100]
SA 309 303 (8) [98]
NX 181 177 (4) [98]
SA 101 95 (1) [94]
NX 300 292 (1) [97]
SA 181 178 (1) [98]
NX 97 97 (4) [100]
SA 309 298 (4) [96]
NX 300 300 (2) [100]
SA 101 94 (1) [93]
NX 97 99 (0.5) [102]
SA 181 186 (0.5) [103]

Real samples Found by HPLC (�g ml−1)

NX 42 (2) 42 (1)
SA 30 (4) 31 (1)
NX 39 (1) 38 (1)
SA 32 (2) 33 (1)

a Standard deviation (average of three replicates) in parenthesis. Recov-
eries (in %), are given within squares brackets.

making a significant dilution of the sample. In other words,
the concentration ranges in which the analytes can be de-
termined in serum following the indicated treatment are:
18–325 and 13–325�g ml−1 for NX and SA, respectively.
These figures follow from conversion of the quantitation lim-
its and upper linear values, respectively, taken into account
the dilution factor. Although these ranges also cover values
found under normal therapeutic doses[21], screening serum
samples containing these and lower levels would be better

Fig. 4. (A) Plot of the NX (©) and SA (�) concentrations predicted by the
proposed method in serum samples, as a function of the nominal values. Error
bars indicate the standard deviations of the triplicate sample analysis (see
Table 5). The solid line is the perfect fit. (B) Elliptical joint region (at 95%
confidence level) for the slope and intercept of the weighted least-squares
regression of the data shown in plot (A). The circle marks the theoretical
(a= 0,b= 1) point.

done by reducing the degree of dilution discussed above. In
these latter cases, very low concentrations (in the order of
0.02�g ml−1) could in principle be measured in serum. If
this statement is taken into account, it can be claimed that the
proposed method satisfactorily compares with the sensitiv-
ity of other described techniques. Limits of detection rang-
ing between 0.01–0.1�g ml−1 [4,7,8], and quantitation of
0.1–4.3�g ml−1 [6,9,10]have been reported for the studied
compounds using HPLC. On the other hand, limits of detec-
tion of 0.03 and 0.05�g ml−1 for NX and SA, respectively,
have been described using techniques involving multivariate
calibration[21].

3.4.2. Real serum samples
With the purpose of evaluating the proposed method in

real samples, two different sera of patients administered with
single oral doses of both 250 mg of NX and 500 mg of aspirin
were investigated. In this case, an HPLC method was used as
a reference method[11]. The values obtained, summarised in
Table 5, indicate that both methods (spectrofluorimetric and
chromatographic) yield results in mutual agreement when
tested using suitable statistical procedures[41].

4. Conclusions
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The fluorimetric determination of NX and SA in seru
ppears to be viable using a combination of solid-phase
olution fluorescence. Only a single experiment of sim
anipulation is required to quantify these compounds
ide range of concentrations and with good sensitivity.
electivity of the reverse-phase membrane is coupled to
resent by fluorimetric methods. In addition, both the s
nalysis time and low solvent consumption considerabl
uce the analysis cost for numerous samples.

cknowledgements

This research was supported by the Universidad Nac
e Rosario, the Agencia Nacional de Promoción Cient́ıfica
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M. Román Ceba, Anal. Lett. 26 (1993) 1243–1258.

43] A. Clayton, J.W. Hines, P.D. Elkins, Anal. Chem. 59 (19
2506–2514.

44] G.L. Long, J.D. Winefordner, Anal. Chem. 55 (1983) 712
724A.

http://www.us.es/toxicologia/13conc/infota.htm

	Combined liquid and solid-surface room temperature fluorimetric determination of naproxen and salicylate in serum
	Introduction
	Experimental
	Reagents and solutions
	SPE-solid-surface fluorescence
	Calibration curves
	Serum samples

	Results and discussion
	Naproxen solid-phase extraction and salicylate in the sample extract
	Analytical figures of merit
	Effect of foreign species
	Validation and application of the method
	Spiked serum samples
	Real serum samples


	Conclusions
	Acknowledgements
	References


