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Introduction

Veterinary and human medicines containing a
sulphonamide are used to prevent infections in
a variety of situations. For sulphonamide
products that contain many components (e.g.
four or more sulphonamides) chromatographic
techniques are recommended [1-5]. However,
for products formulated to contain a sulphon-
amide and another drug which increases the
activity of the sulphonamide, simple, rapid and
economic methods can be used. Spectrophoto-
metric methods based on the Bratton—
Marshall reaction are often used for deter-
mining total sulphonamides [6-9].

If the determination of the two drugs in the
formulation containing the sulphonamide and
another drug, e.g. sulphamethoxazole and
trimethoprim, sulphadiazine and trimetho-
prim, is required, the derivative spectrophoto-
metric technique is suitable, particularly when
the spectra of the two drugs overlap. Recently,
the first derivative of the ratio spectra [10] has
been used for resolving different sulphon-
amides mixtures, e.g. sulphamethizole and
nitrofurantoin [11] or sulphamethoxazole and
trimethoprim [12].

In this paper, the simultaneous determi-
nation of sulphaquinoxaline and pyrimeth-
amine in antibacterial formulations used in
veterinary practice is described. The procedure
was applied to three different veterinary
formulations and the results compared with

those obtained by using the zero-crossing
method in derivative spectrophotometry.

Experimental

Apparatus

A Beckman DU-70 spectrophotometer
equipped with 1.0 cm quartz cells and con-
nected to an IBM-PS 2 model 30 computer
fitted with Beckman Data Leader software
[13], and an Epson FX-850 printer was used for
all the absorbance measurements.

A Crison micropH 2002 was used for the pH
measurements.

Reagents

Standard solutions of 250 mg 17! of pyri-
methamine (Sigma Chemicals) and sulpha-
quinoxaline sodium salt (Sigma Chemicals)
were prepared, respectively, in ethanol and
50% v/v ethanol-water.

Ammonia—ammonium chloride buffer sol-
ution, 0.5 M and pH 10, was made from
analytical-reagent grade reagents.

Standard solutions

Stock solutions of sulphaquinoxaline (SQX)
and pyrimethamine (PMT) were added to 25-
ml calibrated flasks to give final concentrations
of 4-20 mg 1"! of SQX and/or 4-20 mg 17! of
PMT. Five millilitres of buffer solution pH 10
and sufficient water and ethanol to dilute
the contents to 25 ml were added (the resulting

* Author to whom correspondence should be addressed.
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final solution was 50% in ethanol). The ab-
sorption spectra of the samples were recorded,
against a reagent blank between 190 and
425 nm at a scan speed of 300 nm min~’, and
stored in the IBM-PS 2 model 30 computer.

For the determination of SQX, the stored
spectra were divided by a standard spectrum of
PMT of 10 mg 17! and the ratio spectra thus
obtained were smoothed by the use of 15
experimental points.

The first derivative of the ratio spectra was
calculated with AN = 5 nm and the SQX con-
tent was determined by measuring at 271 nm
(‘DDy7;), 241 nm ('DDyy;), and peak-to-peak
('DD271 241)-

For determining PMT, the spectra of the
mixtures were divided by a standard spectrum
of 7mg 17! of SQX. The ratio spectra were
smoothed by the use of 23 experimental points
and their first derivatives was calculated with
AN = 5 nm.

The content of PMT was determined by
recording the first derivative of the ratio
spectra between 260 and 325 nm and measur-
ing at 304 nm (*DDsy4), 290 nm ('DDag) and
peak-to-peak ('DD3gq290)-

Sample solutions

Three commercial veterinary formulations
(Coccirex, Disulviar potenciado and Anti-
coccidiosico potenciado), containing PMT and
SQX, were studied. A 1 ml volume of each
preparation, was diluted with 50% v/v
ethanol-buffer solution pH 10 in 100-ml cali-
brated flasks. Aliquots of 1 ml (Coccirex) or
1.5ml (Disulviar potenciado and Anti-
coccidiosico potenciado) were transferred to
25-ml calibrated flasks, buffer solution was
added and the contents were diluted to 25 ml
with ethanol-water to give a solution contain-
ing 50% ethanol the absorption spectra were
recorded again a reagent blank and stored in
the IBM-PS 2 model 30 computer. For deter-
mining SQX and PMT, the stored spectra were
handled as described for the standard
solutions.

Results and Discussion

Spectrophotometric measurements

SQX and PMT are soluble in 50% v/v
sthanol-water and ethanol, respectively, and
their solutions were found to be stable for 18
days at least.
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The effect of pH between 1.5 and 13 on the
absorption spectra of SQX and PMT was
studied (Fig. 1). Both compounds exhibited
significant changes in their spectra in the pH
range 5.0-8.5 indicating that they may exist in
solution in at least two forms arising from their
respective acid-base equilibria. Their pK,
values were calculated to be 6.5 + 0.2 and
7.0 £ 0.2, respectively. A basic medium was
considered to be suitable, because a batho-
chromic shift occurs in an acidic medium, and
pH 10 in particular was chosen because this pH
is easily controlled by the use of an ammonia-
ammonium chloride buffer solution. Solutions
of SQX and PMT (10 mg 1™") were stable for at
least 2 h in 50% v/v ethanol-water and 20%
buffer solution, pH 10. Figure 2 shows the
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Effect of pH on the () SQX and (*) PMT absorption
spectra.
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Figure 2
Absorption spectra of SQX (4 mg 1I™"), PMT (4 mg 171)
and their mixture at pH 10.
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absorption spectra of SQX, PMT and their
mixturs at pH 10, in the wavelength range 200-
410 nm. SQX can be measured at 365 nm.
However, the spectra of PMT overlaps sig-
nificantly and mathematical treatment of the
data is recommended for determining the
individual components in the mixture. The use
of derivative ratio spectra is suitable for this
purpose.

For the simultaneous determination of SQX
and PMT by the proposed method, it was
necessary to study the influence of the vari-
ables: concentration of the standard spectrum
divisor, number of points for the smoothing
function and the AN for measuring the first
derivative of the ratio spectra.

In the determination of SQX, the effect of
varying the concentration of PMT for the
divisor spectrum was tested and a concen-
tration of 10 mg 17! gave the optimum signal-
to-noise ratio (SNR). Due to the noise levels in
the ratio spectra, a smoothing function based
on the Savitzky and Golay principle [14] was
used and 15 experimental points were con-
sidered to be the optimum number. The first-
derivative of the ratio spectrum was influenced
by AX. When the AN values increases, the
signal amplitude decreases slightly; a A\ =
5 nm was considered to be the optimum value.

After optimization of the variable para-
meters, the linearity of the amplitude values in
the first-derivative ratio spectra was measured
for a range of concentrations of SQX as shown
in Fig. 3. Linear calibrations graphs were
obtained between 1 and 25 mg 17! (Table 1).

Table 1
Calibration data in the determination of PMT and SQX
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Figure 3
Ratio spectra (a) and first-derivative ratio spectra (b) of
different concentrations of SQX: 1 (2 mgl™"),2 (4 mgl™!),
3(10mgl™"),4(15mgl1™"),5 (25mg!™?) and 6 (35 mg
7).

For determining PMT an analogous pro-
cedure was followed. The optimum concen-
tration of spectrum divisor (SQX) was 7 mg1~!
(optimum SNR), and the ratio spectra were
smoothed with 23 points. The first derivative of

Standard deviation

Range Slope Intercept

Equations Correlation coefficient (mg 1™ (X107%) (x1073)
PMT

DD3gs = —1.26 x 1073 + 0.01888 C* 0.9999 1-50 0.34 0.92
DDygy = ~6.4 X 107* + 0.01072 C* 0.9999 1-50 0.24 0.66
'DDsgy 200 = —1.91 x 1073 + 0.002960 C* 0.9999 1-50 0.55 1.49
Dy;s = —1.2 X 107% + 3.9 x 1074 C* 0.9999 1-50 0.01 0.04
Dyszas = 1.1 X 107 + 1.4 x 1074 C* 0.9998 1-50 0.01 0.02
2Dyrp0s = 0.8 X 107° + 2.3 x 107* C* 0.9999 1-35 0.01 0.02
SQX

DD, = 1.77 x 1072 + 0.01266 C* 0.9999 1-25 0.67 0.90
IDDZ“ =2.18 x 1073 + 0.01738 C* 0.9999 1-25 0.77 1.03
DD271 241 = 3. 95 x 1073 + 0.03005 C* 0.9999 1-25 1.42 1.89
Dygg = 7% 107° + 82 x 1074 C* 0.9999 1-35 0.01 0.02
D262 75 = 2.2 X 10'4 +1.53 x 1073 C* 0.9998 1-20 0.06 0.06
D396 =4x 1075+ 21x 10 C* 0.9999 1-35 0.01 0.02
Dyye = 3.4 X 107* + 1.31 x 1073 C* 0.9997 1-25 0.13 0.17

* Concentration of PMT and SQX = mg ™1
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the ratio spectra was optimized with A\ =
5 nm as the most suitable value.

Figure 4 shows the ratio spectra and their
first-derivative spectra for different concen-
trations of PMT. Linear calibrations graphs
were obtained (Table 1) for the first derivative
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Figure 4
Ratio spectra (a) and first-derivative ratio spectra (b) of
different concentrations of PMT: 1 (2 mg 17'), 2 (10 mg
™, 3 20mg1™"), 4 (30mg 1), 5 (0mg I"") and 6
(50 mg 1Y),

Table 2
Validation data*

J.J. BERZAS NEVADO et al.

of the ratio spectra for concentrations between
1 and 50 mg 17!, In all cases, linear coefficients
were 0.9999.

Table 2 summarizes the validation data
obtained from 10 replicate measurements or
the reagent-blank and standard solutions of
10'mg 1”! of SQX and PMT. The best quan-
tification limits for SQX and PMT were given
by, respectively, measuring at 271 nm
('DD,7;) and the peak-to-peak amplitude
(!DD3g4 200)- The smallest relative errors (%)
were obtained for SQX and PMT, respectively,
at 241 nm ('DD,,;;) and the peak-to-peak
amplitude (IDD304’290).

The proposed method has been compared
with classical derivative spectrophotometry by
using the zero-crossing wavelengths in the first
and second derivative spectra of the PMT and
SQX. The zero-crossing method involves
measurement of the absolute value of the
derivative spectrum of the mixture at wave-
lengths corresponding to the zero-crossing
wavelengths in the derivative spectra of the
individual components. First-derivative spectra
of SQX (4 mg 1Y), PMT (4 mg 1) and their
mixture are shown in Fig. 5. PMT can be
determined by measuring at 315 nm ('Dj;s)
and at 253.25 nm ('Dys3.55); and SQX can be
determined at wavelengths 386 nm ('Dasge),
286.75 nm (1D286.75) and 262.75 nm (1D262.75)'
In the second derivative mode (Fig. 6), PMT
can be determined at 272.5 nm (*D,7, 5) and at
239 nm (®D,30) and SQX can be determined at
396 nm (*D3gg), 368 nm (*D3gg) and 229 nm

(*D2z9)-

Standard deviation

Relative error

Limit of detection Limit of quantification

Signal measured (mg 17" (%) (mg1™) (mg1™1)
PMT+

'DD3os 0.107 0.74 0.20 0.67
'DD;g0 0.084 0.58 0.20 0.68
'DD3ga 290 0.071 0.49 0.06 0.21
'Djys 0.125 0.38 0.31 1.03
'Dys3 25 0.325 2.61 >0.01 >0.03
Do 25 >0.071 0.08 >0.01 >0.03
SQX+

DD, 0.048 0.37 0.01 0.03
'DD,y4, >0.029 0.07 0.04 0.14
DDy 241 0.048 0.37 0.02 0.06
'Dise 0.061 0.46 >0.01 >0.03
'Daga.7s 0.029 0.23 0.06 0.21
Digs 0.145 1.13 >0.01 >0.03
2Dy 0.059 0.43 0.37 1.23

*n = 10.

+Concentration of PMT and SQX = 10 mg 1.



DETERMINATION OF SQX AND PMT

0.013 MIXTURE
Ly ©.008
=
Jorg
P
[
2 0.003 A
I
—
%)
a
L
-0.002
-0.007 T T T T
248 308 338 368 hELS
WAVELENGTH (nm)
Figure 5

First-derivative spectra of 4 mg 1~ of SQX, PMT and their
mixture.
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Figure 6
Second derivative spectra of 4 mg 17! of SQX, PMT and
their mixture.

The first- and second-derivative spectra
(Figs 5 and 6), were obtained by the Savitzky
and Golay method, and the effect of different
values of AN was investigated, because this
parameter can affect the shape of the deriv-
ative spectra. Generally, the noise levels
decrease when the AN value is increased.
However, if the value of A\ is too large, the
spectral resolution deteriorates. A value of
AN = 15 nm was considered to be optimum for
first derivative measurements. In the second
derivative mode a A\ = 20 was considered to
be optimum. However owing to the magnitude
of the noise in the derivative spectra, a
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smoothing function was used and 15 exper-
imental points were considered to be the
optimum number.

Calibration graphs were obtained at some of
the zero-crossing wavelengths selected (Table
1). In the first-derivative mode, PMT gave
straight line plots up to 50 mg 17! at 315 and
253.25 nm. SQX gave straight line plots up to
35mg 1™ at 386 nm and up to 20 mg 1™ at
262.75 nm. The correlation coefficients were
between 0.9998 and 0.9999. In the second-
derivative mode, linear calibration graphs were
obtained for PMT between 1 and 35 mg 17! at
272.25 nm and for SQX between 1 and 35 mg
1"! at 396 nm and between 1 and 25 mg I"! at
229 nm.

Table 2 summarizes the validation data for
different measured values of SQX and PMT in
the conventional first- and second-derivative
spectra.

The best limits of quantification for PMT
were found at 253.25 and 272.25 nm in the
first- and second-derivative spectra, respect-
ively, and for SQX at 386 nm in the first-
derivative mode and at 396 nm in the second-
derivative mode.

Applications

Standard mixtures

Several mixtures of SQX and PMT were
prepared from stock solution, in concentration
ratios PMT:SQX from 1:5 to 5:1, and analysed
by the proposed method and by conventional
derivative spectrophotometry. The results
obtained are shown in Table 3. Recovery
values obtained by the first-derivative ratio
method were between 97 and 102 for PMT and
between 98 and 102 for SQX.

Veterinary preparations

The proposed method was used for deter-
mining the concentrations of SQX and PMT in
three different commercial formulations and
the results were compared with those given by
conventional derivative spectrophotometry in
the first and second mode. The results ob-
tained are summarized in Table 4. The best
recovery values for PMT were found when the
derivative ratio method was used. In the case
of the Disulviar preparation which showed
values for PMT in excess of the label claim, the
standard addition method was used in an
attempt to eliminate interference, but identical
results were obtained. It would appear that
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Table 3

J.J. BERZASNEVADO eral.

Recovery data obtained for the determination of SQX and PMT in standard mixtures

Recovery (%)* for ratios PMT:SQX

Signal measured 4:20 4:16 4:12 4:8 4:4 8:4 12:4 16:4 20:4
PMT

'DD3ga 102 99 100 100 160 101 100 101 101
'DDxso 101 101 97 98 98 100 100 100 100
'DD3gs 200 101 100 98 109 100 101 100 100 100
Das 99 99 9 99 99 98 96 96 96
‘Dass.zs 101 93 93 93 93 94 95 95 94
*Dars 5 — — — 109 109 103 101 103 101
SQX

'DD,5, 100 101 101 102 99 98 99 938 98
DD,y 101 101 101 101 99 98 99 98 98
‘DDy;) 201 1 101 101 101 99 98 99 98 98
'Dsseo 1m 100 100 106 99 99 97 97 97
"Dz 75 100 101 102 101 99 97 96 93 92
Dige 103 102 102 103 100 100 100 100 100
Dz 101 101 102 103 99 103 107 102 88

* Average for two determinations.

Table 4

Results obtained for the determination of SQX and PMT in veterinary preparations

SQX and PMT recovery (%)*

Disulviar potenciado

Anticoccidiosico potenciado

Coccirex
PMT
'"DDay 101 108
DDy 107 113
DDsg4 290 103 111
Ds;s 117 —
D253 25 - -
Daazzs — -—
SQX
'DD,;, 98 103
DDy, 97 100
1DD17|.24| 98 101
386 98 100
;Dzbz.vs gz gg
396
2D 86 108

107
82
98

91
87
8K
95

92

* Average for two determinations.

incorrect information about the concentration
is given on the label.

SQX can be determined with satisfactory
accuracy, based upon the declared content, for
Coccirex and Disulviar, except at D,y and
'Dz62.75-

In the case of Anticoccidiosico, low recovery
values were obtained by all measurements as a
consequence of the presence of one or more
cxcipients in the product.

Conclasion

The use first-derivative ratio spectra for
resolving mixtures of PMT and SQX compares

favourably with the zero-crossing method in
conventional derivative spectrophotometry as
shown by the resolution of synthetic mixtures
and veterinary formulations.

Acknowledgetnent — The authors gratefully ackriowledge
financial support from the DGICYT of the Ministerio de
Educacién y Ciencia of Spain {Project No. PB 90-0397).

References

[1] M.H. Thomas, R.L. Epstein, R.B. Ashworth and H.
Marks, J. Ass. Off. Anal. Chem. 66, 884802 (1983).

[2] S.1. Stout, W_A_ Steiler, A.J. Manuel, M.C. Poeppe!
and A.R. da Cunha, Anal. Chem. 67, 142-144 (1985).

[3] R.M. Simpson, F.B. Suhre and J.W. Schafer, Anal.
Chem. 68, 23-26 (1985).



DETERMINATION OF SQX AND PMT

[4] N. Haagsma and C. van de Water, J. Chromatogr.
333, 256-261 (1985).

[5] M.M.L. Aerts, W.M.J. Beekand and U.A.Th.
Brindkman, J. Chromatogr. 435, 97-112 (1988).

[6] A.C. Bratton and E.K. Marshall, J. Bio. Chem. 128,
537-550 (1939).

[7] A. Bye and A.F.J. Fox, Clin. Chem. 20, 288-293
(1974).

[8] M.A. Koupparias and P.I. Anagnostopoulou, Anal.
Chim. Acta 204, 271-283 (1988).

[9] F. Salinas, A. Espinosa Mansilla and J.J. Berzas
Nevado, Anal. Chim. Acta 233, 289294 (1990).

607

[10] F. Salinas, J.J. Berzas Nevado and A. Espinosa
Mansilla, Talanta 37, 347-351 (1990).

[11] J.J. Berzas Nevado, J. Rodriguez Flores and M.L. de
la Morena Pardo, Talanta 38, 12611264 (1991).

[12] J.J. Berzas Nevado, J.M. Lemus Gallego and G.
Castafieda Pefialvo, Fresenius J. Anal. Chem. 342,
723-728 (1992).

[13] Beckman Instruments, Inc., Spectroscopy 2, 16
(1987).

[14] A. Savitzky and M.L.LE. Golay, Anal. Chem. 36,
1627-1639 (1964).

[Received in final revised form 29 January 1992]



