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Abstract

A first-derivative photochemically-induced fluorescence method is proposed for the determination of sulfa-
methazine (SMTZ) in the presence of sulfamerazine (SMRZ) or sulfadiazine (SDZ). Linear calibration plots
were obtained for SMTZ in SMTZ-SMRZ or SMTZ--SDZ binary mixtures with correlation coefficients

larger than 0.999. For SMTZ the lower limits of detection were 7--13 ppb. Recoveries of 91

114% were

obtained in the analysis of SMTZ in pharmaceutical formulations.
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1. Introduction

Sulfonamides constitute a class of drugs
which are frequently used in pharmaceutical
preparations, especially in veterinary practice.
As a consequence, residues of these drugs and
their possible metabolites may remain in food
of animal origin [I -5].

Several methods have been developed for the
determination of sulfonamides. Ultraviolet
(UV) visible spectrometric methods are the

most widely used [6—14]. The fluorescence of

several sulfonamides has also been investigated
[15] and fluorimetric methods based on chemi-
cal derivatization have been proposed for their
analysis [16,17].
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However, N-1-substituted sulfonamides con-
taining a n-clectron deficient heterocycle are
weakly or non-fluorescent. It has been shown in
these laboratories that the fluorescence emission
of these photoreactive sulfonamides can be pho-
tochemically induced by UV irradiation in
aqueous solution [18,19]. Room-temperature
photochemically induced fluorescence (RTPF)
has been proved to be a rapid and sensitive
method for the determination of these com-
pounds [18-21]. In addition, RTPF has been
coupled to a tlow-injection analysis (FIA) man-
ifold for the semi-automatic, routine determina-
tion of several sultonamides [22].

Sulfadiazine (SDZ). sulfamerazine (SMRZ)
and sulfamethazine (sulfadimidine) (SMTZ) are
the pyrimidin-2-yl sulfamide and the 4-methyl
and 4,6-dimethyl derivatives, respectively. They
are structurally and pharmacologically very
similar. Mixtures of two or three of these
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Analytical figures of merit for the first-derivative RTPF determination of SMTZ, SMRZ and SDZ

Compound Concentration Regression Correlation LOD® LOQ¢
range (ppm) equation * coefficient (ppb) (ppb)
SMTZ 0.05 3.0 'Dsys s = 81.26¢ —1.21 0.999 16 53
"Dex = 36.08¢ — 1.38 0.999 9 31
SMRZ 0.04 04 'Di3, = 49.86¢ + 0.93 0.998 12 42
SDZ 0.3-1.0 0.994 107 356

'D e = 12.09¢ + 0.74

41D = relative first-derivative RTPF signal at a particular analytical wavelength; ¢ = analyte concentration.

> LOD = lower limit of detection, defined as the concentration of solution giving a signal-to-noise (S/N) ratio of 3.
¢ LOQ = lower limit of quantification, defined as the concentration of solution giving a S/N ratio of 10.

sulfonamides are prescribed to avoid alter-
ations of renal function by formation of micro-
crystals because of the low solubility of these
compounds. The reason is that each compound
administered as a third part of the total dose
acts independently with respect to its solubility.
The similarity of their UV spectra and chemi-
cally derivatized or photochemically induced
fluorescence spectra prevents the utilization of
these spectroscopic methods for determining
these compounds in mixtures. The application
of HPLC is recommended for this purpose.
For example, mixtures of SMTZ and SMRZ
have been analyzed in meat by HPLC using the
fluorescamine reaction {23], and SMTZ, SMRZ
and SDZ have been determined by HPLC with
spectrophotometric detection [24]. RTPF has
been applied to the determination of SMTZ,
SMRZ and SDZ one-component samples in
aqueous media [18], and the determination of
SMTZ alone in pharmaceutical formulations
and food [20,22]. However, as already men-
tioned, the use of the latter technique for the
resolution of binary mixtures is not feasible
because of its lack of spectral selectivity. More
sophisticated, multivariate statistical methods,
such as the partial least-squares (PLS) method,
combined with RTPF have recently been pro-
posed for this purpose [25].

In this paper, first-derivative room-tempera-
ture photochemically induced fluorescence is
presented as an alternative approach for the
quantitative analysis of SMTZ in binary mix-
tures with either SMRZ or SDZ, and in phar-
maceutical preparations.

2. Experimental

2.1. Apparatus

Fluorescence spectral measurements were
performed on Perkin-Elmer model LS-5 and

Kontron model SFM-25 spectrophotofluorime-
ters, interfaced with a Samsung microcomputer
for acquisition of the fluorescence spectra. For
the treatment of the spectral data, a Beckman
Data Leader Software (Version 3.0) [26] was
used; a program was developed in Basic in
order to convert the SFM-25 spectra file to the
BSF file format through the X.Y ASCII con-
verter included in the software. An Osram
200 W high-pressure mercury arc lamp with an
Oriel Model 8500 power supply was utilized for
photolysis. The RTPF experimental set-up was
as described previously [18,19].

2.2. Chemicals and reagents

Stock solutions of SMTZ, SMRZ and SDZ
(10~* M) were prepared from the correspond-
ing compounds or the sodium salts (Sigma) by
dissolving in ethanol (Aldrich, analytical
reagent grade) or de-ionized water. Serial dilu-
tions were prepared by diluting stock solutions
with deionized water. Pharmaceutical formula-
tions of sulfonamides were a gift from various
manufacturers: Sulphamerazine 33% Noé,
from Lab. Noé-Socopharm (Chateau-Thierry,
France); Antrima from Doms-Adrian
(Courbevoie, France); Belcosulfa from Rhodne-
Meéricux (Lyon, France).

2.3. Procedure

General procedure

An aliquot of each sample solution (contain-
ing SMTZ, SMRZ or SDZ at a concentration
within the range given in Table 1) was placed
in a quartz cuvette and irradiated at room
temperature with UV light for 12 min. The
fluorescence emission spectra of irradiated sam-
ples were recorded between 300 and 450 nm,
using an excitation wavelength of 284 nm. The
first derivative spectra were obtained with a



M. Sanchez Pena et al. ;| J. Pharm. Biomed. Anal. 13 (1995) 1107-1112

/\
W
£ 3000 /smz\
[} / \
i I \
& I \
3 2000 | ! \
! \
| SM_R_Z_‘ \
1000 ;s SUERN
I/ spz RN
/ ““~_\ ~
. el P Py}
R ' —
300 350 400 450

Wavelength ( nm )

Fig. 1. Photochemically induced fluorescence emission
spectra of SMTZ (1.0 ppm), SMRZ (0.45 ppm) and SDZ
(0.6 ppm) in water.

bandwidth (A4) of 19 nm for SMTZ-SMRZ,
and 13 nm for SMTZ-SDZ mix-
tures, according to the Savitzky and Golay
method [27]. The SMTZ content in binary
mixtures was determined by measuring the
first-derivative photochemically induced
fluorescence signals at 354.5nm for SMTZ-
SMRZ and 315 or 360 nm for SMTZ-SDZ
mixtures.

Pharmaceutical formulations

For Belcosulfa (composition per tablet: col-
istine sulfate 10°TU and sulfamethazine 2 g)
and Antrima formulations (composition per
tablet: sulfadiazine 400 mg and trimethoprim
80 mg), one tablet was powdered, dissolved in
250 ml of ethanol-water (50:50, v/v) and di-
luted to the required concentration with de-
ionized water. For the Noé preparation, the
liquid sample was diluted 1000 times with de-
ionized water. All sulfonamide concentrations
of diluted solutions were within the range given
in Table 1.

3. Results and discussion

The effect of different variables (excitation
and emission wavelengths, irradiation time, sol-
vent) on the photochemically induced fluores-
cence intensity of SMTZ, SMRZ and SDZ has
been investigated in previous papers [18,20,25].
These results enabled a validation procedure
for the present first-derivative RTPF method to
be established. According to this approach,
optimal UV-irradiation times of SMTZ,
SMRZ and SDZ in an aqueous medium were
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10, 12 and 18 min, respectively [18]. For the
present determination of SMTZ in binary mix-
tures with SMRZ or SDZ, an irradiation time
of 12 min was selected as a compromise valuc
[25]. A photochemically induced fluorescence
excitation wavelength of 284 nm was chosen.
corresponding approximately to the excitation
maximum for the three compounds under
study.

The photochemically induced fluorescence
emission spectra of SMTZ, SMRZ and SDZ
solutions presented only one band, with max-
ima located at 345.5, 353 and 358 nm. respec-
tively (Fig. 1). As already mentioned, the
strong overlapping of these zero-order spectra
requires the use of a derivative spectroscopic
approach for determining SMTZ in the pres-
ence of SMRZ or SDZ.

3.1. First-derivative photochemically induced

ﬂuo rescence spectrd

In order to obtain first-derivative photo-
chemically induced fluorescence emission spec-
tra, it was necessary to optimize the bandwidth
(AZ) used in the differentiation of the RTPF
spectra of SMTZ. SMRZ, SDZ and their bi-
nary mixtures. The A/ values assayed were 7.
9. 11, 13, 15, 17 and 19 nm. Optimal values of
Ai=19 and 13 nm, respectively, were selected
as giving the best spectral resolution for
SMTZ-SMRZ and SMTZ-SDZ binary mix-
tures.

First-derivative RTPF emission spectra of
SMTZ, SMRZ, SDZ, SMTZ-SMRZ and
SMTZ-SDZ mixtures, recorded after opti-
mization of spectral parameters, are shown in
Figs. 2 and 3. It can be seen that first-deriva-
tive spectra exhibit maxima at 325.5, 331 and
325nm for SMTZ, SMRZ and SDZ. respec-
tively, and a minimum at 368 nm for SMTZ.
No significant minimum could be found for
SMRZ and SDZ.

Calibration graphs were constructed by plot-
ting the amplitude of the signals at 325.5
('D1s55) and 368 nm (' D, ) for SMTZ. 331 nm
('D;s,) for SMRZ and 325nm ('D;.5) for
SDZ against the respective sulfonamide con-
centration. Linear relationships were estab-
lished over a concentration range of one to
two orders of magnitude. The analytical figures
of merit are given in Table 1. The correla-
tion coefhicients were very close to unity, indi-
cating that the precision of analytical curves
is excellent. The limits of detection (LODs)
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Fig. 3. First-derivative photochemically induced fluorescence spectra of SMTZ (1.0 ppm) (- - -), SDZ (0.6 ppm) (---),

and SMTZ-SDZ (——) (1.0-0.6 ppm).

Table 2

Analytical figures of merit for the first-derivative RTPF determination of SMTZ in binary mixtures with SMRZ or SDZ

Mixture Regression Correlation LOD?® LOQ¢
equation * coefficient (ppb) (ppb)
SMTZ- SMRZ "Dygy s = 22.63¢ + 1.68 0.999 13 43
SMTZ-SDZ "Dy s = 25.04¢ + 0.34 0.999 41 139
SMTZ-SDZ 'Daey = 31.89¢ + 0.65 0.999 7 24

“ See footnote to Table 1.
b LOD = lower limit of detection; see definition in Table 1.

¢ LOQ = lower limit of quantification; see definition in Table 1.

were low, ranging between 9 and 107 ppb, ac-
cording to the compound.

3.2. First-derivative RTPF spectra of binary
mixtures

The first-derivative RTPF emission spectra
of SMTZ-SMRZ and SMTZ-SDZ mixtures

are also presented in Figs 2 and 3. Comparison
of the first-derivative spectra of the three sul-
fonamides indicates that there are several
wavelengths at which the first-derivative signals
of SMRZ and SDZ are zero (354.5nm for
SMRZ; 315 and 360 nm for SDZ), whereas
that of SMTZ has a relatively high value at
these wavelengths. This feature allows the de-
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termination of SMTZ in the presence of one of
the other compounds at these particular wave-
lengths. It is also worthwhile to note that the
first-derivative signal of SMTZ is zero at
345.5nm but, at this same wavelength, the
respective signals of SMRZ and SDZ are very
weak. preventing the detection of the latter
compounds in the presence of SMTZ.

3.3 Analvtical figures of merit for binary
mixtures

The analytical figures of merit for the deter-
mination of SMTZ in binary mixtures are sum-
marized in Table 2. Calibration graphs were
obtained by plotting the amplitude of the sig-
nal at 354.5nm ('D;,s) for SMTZ-SMRZ
mixtures. and at 315 and 360 nm ('D,,s and
'Ds,) for SMTZ -SDZ mixtures against the
SMTZ concentration. The precision of the ana-
Iytical curves is excellent, as shown by the
correlation coefficients that are close to unity.
LOD and limit of quantification (LOQ) values
obtained for SMTZ in binary mixtures were
close to those obtained when determining
SMTZ alone. For SMTZ SDZ mixtures, LOD
and LOQ values for SMTZ were significantly
lower when the derivative signal was measured
at 360 nm than when the signal was measured
at 315 nm.

In order to establish the range of applicabil-
ity of the proposed approach, several synthetic
binary mixtures containing SMTZ and SMRZ
or SDZ in different proportions were prepared
and analyzed. The results are presented in
Table 3. It can be seen that the recoveries of
SMTZ in the presence of SMRZ or SDZ are
satisfactory. indicating that no significant inter-
ference occurs in the determination of SMTZ
in binary mixtures.

3.4 Analvtical applications

The first-derivative RTPF method was ap-
plied to the analysis of SMTZ in the presence
of SMRZ or SDZ in pharmaceutical formula-
tions. First-derivative signals were measured at
354.5 and 315 nm, respectively. The standard
addition and the direct measurement proce-
dures were used (Table 4).

Satisfactory results were obtained by the
standard addition procedure, with recoveries of
104 115% and 94-97.5%, respectively, for
pharmaceutical formulations containing SMTZ
with SMRZ and with SDZ.

. Biomed. Anal. 13 (1995 1107 1112
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Table 3
Determination of SMTZ in various binary mixtures con-
taining SMRZ or SDZ

SMTZ SMRZ mixtures

Found SMRZ added

SMTZ added Recover
(ppm) {ppm) (ppm) [
0.5 0.55 (.20 110
1.0 0.96 (.20 96
1.0 0.98 0.45 9N
1.0 1.04 .35 104
1.0 1.10 0.30 o
1.0 (.98 0.25 9N
1.0 1.06 015 106
2.0 1.99 .20 100
2.5 2.27 0.20 91
SMTZ . SDZ mixtures "

SMTZ added Found  SMRZ added Recovery
(ppm) (ppm} (ppm) (")
(0.5 0.57 1.0 P4
1.0 1.06 0.3 |06
1.0 114G 0.4 110
1.0 1.07 1.0 107
1.5 1.38 0.4 92
2.0 1.87 0.4 93
2.5 238 0.4 93

“ First-derivative RTPF signals were measured at £
354.5 nm.

 First-derivative RTPF signals were measured av /.
360 nm.

T

o

The recoveries obtained with the direct mea-
surement procedure were 101 and 107.5%, re-
spectively, for the same pharmaceutical
formulations (Table 4). This demonstrates that
the first-derivative RTPF approach is not
affected significantly by the pharmaceutical
matrix. No significant interference due to the
presence of trimethoprim in Antrima tablets
was observed.

4. Conclusions

It has been shown for the samples examined
that first-derivative photochemically induced
fluorescence at room temperature can be ap-
plied satisfactorily to the determination of
SMTZ in the presence of SMRZ or SDZ in
pharmaceutical formulations without signifi-
cant interference. Moreover, this method is
simple, precise and inexpensive and does not
need any complex pretreatment or chromato-
graphic separation of samples containing these
sulfonamides.
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Table 4
Recovery of SMTZ in pharmaceutical formulations by
first-derivative RTPF

Mixture SMTZ*
Added Found Recovery
(ppm)  (ppm) ()

Standard addition procedure

SMTZ-SMRZ"® - 0.267 -
0.10 0.424 115.5
0.15 0.433 103.8
0.20 0.514 110.1

SMTZ-SDZ* - 0.219 -
0.10 0.311 97.5
0.20 0.393 93.8
0.25 0.446 95.1

Direct measurement procedure

SMTZ-SMRZ"® 3309 33394 (8.9%)° 101.0

SMTZ-SDZ 0.2 0.215 (14.9%)° 107.5

*SMTZ concentration in ppm, unless otherwise stated.

® Composition: 0.2 ml Belcosulfa diluted solution +0.2 mi
Noé diluted solution. First-derivative RTPF signals were
measured at A, = 354.5.

¢ Composition: 0.4 ml Antrima diluted solution +2ml of a
2.5ppm SMTZ solution. First-derivative RTPF signals
were measured at 315 nm.

4 SMTZ concentration in g/100 ml.

¢ Relative standard deviation (%) of three to five determi-
nations.
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