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Introduction

Considerable interest has been devoted to the
determination of acetylsalicylic acid (aspirin)
metabolites: salicylic acid (SA), salicyluric acid
(SU), and other minor metabolites in biologial
fluids [1-13]. The subject is relevant regarding
drug monitoring programs, and also in
emergency determinations in cases of salicylate
poisoning. The analysis of aspirin formulations
regarding the content of SA has also attracted
attention [14]. A variety of techniques have
been applied to the determination of these
compounds, including chromatography [1-3],
spectrophotometry [4-6] and spectrofluori-
metry [7-14]. The latter method seems to be of
choice due to its simplicity, sensitivity and
specificity. However, the main urine meta-
bolites of aspirin (SA and SU) have fluorescent
emission spectra which not only overlap with
each other, but also with fluorescent normal
urine components. This problem has been
previously overcome by various sample pre-
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treatment methods (which eliminate the inter-
ferences) [7-12] together with synchronous
fluorescence determinations (which increase
the spectral resolution) [11, 12]. Recently, it
has been suggested that SA and SU can be
directly determined by a suitable selection of
wavelengths [13]. The concentration of SA was
previously measured as proportional to the
first derivative synchronous fluorescence
intensity at Aexc = 325 nm (I'3;s5), where the
contribution of SU is zero (since at this A SU
presents a maximum). On the other hand, the
concentration of SU was proposed to be
determined by the intensity of the first deriv-
ative spectrum at Ao, = 350 nm (I'350), where
the fluorescence of SA has considerably
decayed. However, this latter wavelength
corresponds to one of the flanks of the SU first
derivative synchronous fluorescence band,
while it would be better to carry out the
measurements at a spectral maximum. We now
report the combined use of first and second
derivatives of the fluorescence spectra of non
treated urine samples. We show that a clear
spectral maximum appears for SU in the
second derivative mode, at a wavelength where
the contribution of SA is not significant. This
allows the direct and simultaneous deter-
mination of both SA and SU, avoiding tedious,
error-prone sample pre-treatment procedures.

* Author to whom correspondence should be addressed.
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Experimental

Apparatus

All fluorescence measurements were done
on a JASCO FP 770 spectrofluorometer
equipped with a 150 W Xenon lamp. Syn-
chronous fluorescence spectra were recorded
by scanning both monocromators with a con-
stant difference of 90 nm between excitation
and emission. Usual experimental parameters
were: scan speed, 200 nm min~'; response
time, 0.025 min; bandwidth, 5 nm. First and
second derivative spectra were then obtained,
and the zero crossing technique was applied for
the independent determination of salicylic and
salicyluric acids. The concentration of SA was
measured as proportional to the first derivative
intensity at Ao, = 325 nm (I'5,5) whereas SU
was determined from the corresponding
second derivative intensity at 350 nm (P5).

Reagents

Stock solutions of salicylic acid (Merck,
125mg 1I"Y) and salicyluric acid (Aldrich,
100 mg 1”7 in distilled water were prepared.
Standard solutions for fluorescence measure-
ments were prepared by convenient dilution of
these stock solutions,

Procedure for binary urine mixtures

Urine containing SA and SU in the range
40-200 ppm was diluted (1:20), 1 ml of the
resulting mixture and 2 ml of NaOH were
placed into a 50 ml volumetric flask and
diluted with distilled water. In this way the
final concentration range for both acids was
0.04-0.2 pg ml™*,

Results and Discussion

We discuss the application of second deriv-
ative synchronous fluorescence spectroscopy to
the simultaneous determination of SA and SU
in urine samples. Figure 1 shows the corre-
sponding results for SA, SU and a mixture of
both acids. In principle, one could apply the
usual method for evaluating derivative signals,
according to which AI” is measured:

A" = (Myviax — Mminhaa2 ®

where I\ and Iy, are the maximum and
minimum values of the nth. derivative (I" =
d*I/d\") within a relatively narrow spectral
range (A{,A,). Both Py, and Py, for SA
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Figure 1

Second derivative synchronous fluorescence spectra of;:
(), salicylic acid (0.20 pg ml™?); (----), salicyluric acid
{0.20 pg mI™"); (——), a mixture of both acids (0.084 ug
ml~! of each acid). The value of P45, used to measure the
concentration of salicyluric acid is shown, as well as the
magnitude of A?],

overlap with fluorescent normal urine bands
(Aexe at ca. 280-290 nm) and hence they are
unsuitable for this purpose. On the other hand,
the corresponding value for SU (AP is also
shown in Fig. 1) could be convenient for
measuring its concentration. However, when
applying this procedure for strongly over-
lapping bands it is frequently necessary to
introduce correction factors [14]. Examination
of both first and third derivative spectra did not
lead to appropriate bands that could be used to
safely apply equation (1).

A maximum appears at A, = 350 nm in the
second derivative of the synchronous fluor-
escence spectrum of SU, where the contri-
bution of SA is negligible, and thus the zero-
crossing technique seems to be preferable in
this case. It involves the single measurement of
P350. No other zero-crossing point appears to
be available in order to measure the concen-
tration of SA through both second and third
derivative spectra. This can be done by the
previously discussed use of I'3;5 [11-13]. Since
both first and second derivative spectra are
readily available from the spectrofluorimeter,
the combined use of them should not present
any complication. Furthermore, normal fluor-
escent urine components do not interfere at
these wavelengths (see Fig. 2).

The use of P55, instead of I'35, in order to
determine the content of SU in urine should in
principle give better results. On one hand,
intensity measurements are more conveniently
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Table 1
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Calibration plot for salicyluric acid (as measured from %;50) and determination of SU
in urine samples containing mixtures of SA and SU

Calibration plot*

Urine mixtures

sSU SU:SA Taken SU found (Rec, %; RSD, %)t
pg mi™ Pisot pg mi™ pg mi™’

0.052 2.40 0.065:0.050 0.068 (105; 5.3)

0.078 3.73 0.065:0.100 0.071 (109; 5.3)

0.103 4.90 0.065:0.150 0.060 (92;5.3)

0.153 7.22 0.129:0.050 0.120 (93;5.0)

0.206 9.50 0.190:0.050 0.180 (95;7.1)

0.258 11.90

*These data give I%350 = A + BC; A = 0.11(6), B = 46(4); C = concentration of SU
in ug ml™'; r = 0.9998; RSD = 5.9% for C = 0.078 pg ml™'; 3.0% for C = 0.153 pg

mi~h
+ Arbitrary units.

$The results are averages of three determinations.
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Figure 2

Second derivative synchronous fluorescence spectra of:
(—), salicyluric acid (0.20 ug mi™!) and (---), a diluted
human urine sample (see Experimental) containing sali-
eyluric acid at the lowest concentration (0.052 pg ml™")
used to construct the calibration plot.

done at spectral maxima rather than at flanks
of spectral bands. On the other, for two
overlapping gaussian bands of equal widths,
centered at A, and X,, the ratios of I' intensities
at a distant wavelength Ay, (\n = Ap,Ap) is [(Ay
~ MY(Am — )] whereas for P it is {{(An, —
A2+ [ = A% + 11} = [ — M) (N
— A2)?], thus increasing the selectivity.

Urine samples containing mixtures of SA
and SU were studied by the above procedure.
The concentration of SU was measured from
the intensity of the second derivative of the
synchronous fluorescence spectrum of the
sample at Ay = 350 nm, after a calibration
plot was prepared. The results are summarized
in Table 1.

In conclusion, it has been shown that the
main urine metabolites of aspirin, salicylic and

salicyluric acids, can be conveniently deter-
mined using spectrofluorimetric techniques. If
first and second derivative synchronous fluor-
escence spectra are recorded, the direct and
simultaneous determination of both acids is
possible  without sample pre-treatment
procedures.
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