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Abstract: Third-order and fourth-order derivative spectra have been used for determining sulphathiazole, sulphanilamide
and their binary mixtures. The method is suitable for 1-22 pg ml™! of sulphathiazole and for 0.5~14 pg ml™! of
sulphanilamide and can be applied for determining the sulphonamides in pharmaceuticals.
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Introduction

Antibiotics and other antimicrobial agents are
used in attempts to prevent infections in a
variety of situations. Sulphonamides are
extensively used in medical and veterinary
practice for the treatment of bacterial infec-
tions, and sulphathiazole is one of the agents
most widely used in beekeeping [1, 2].

Many methods have been published for the
determination of sulphonamides in body fluids
{3, 4], foodstuffs and feeds [5]. On the basis of
the Bratton—Marshall procedure [6] other
methods have been developed and automated
[7-10]. The non-specifity is the major dis-
advantage of the Bratton—Marshall based
methods, and samples containing two sulph-
onamides cannot be resolved.

Derivative spectrophotometry particularly
with digital processing [11], is an analytical
technique of great utility for resolving some
mixtures of compounds with overlapping
spectra. The fundamental principles and con-
ventions have been described in the pioneering
work of O’Haver and Green [12], Fell et al.
[13-15] and others [16]. The purpose of this
paper is to develop a new method for resolving
binary mixtures of sulphonamides by using
third and fourth-order derivative spectro-
photometry. Samples containing sulphathi-
azole and sulphanilamide can be resolved, and

the method has been applied for the analysis of
pharmaceuticals.

Experimental

Apparatus

A Beckman Instrument DU-50 spectro-
photometer connected to an IBM PC-XT
computer fitted with Beckman ‘Data Leader’
Software was used for all absorbance measure-
ments.

Reagents

Sulphathiazole and sulphanilamide ethanolic
solutions, 107> M, were prepared from Sigma
R.A. products.

Sodium acetate—acetic acid buffer (pH 4.5)
was prepared by dissolving 6.8 g of sodium
acetate and 3.0 ml of acetic acid (37%) in
water and diluting the solution of 11 with
water.

Procedure for determining sulphathiazole and
sulphanilamide

Samples were prepared in 25-ml volumetric
flasks containing 1-22 pg ml~! of sulphathi-
azole or 0.5-14 pg ml™! of sulphanilamide, or
their binary mixtures, 5 ml of pH 4.5 buffer
solution, and ethanol up to 2.5 ml, followed by
dilution with water. Absorption spectra of the
samples were recorded at a scan speed of

* Author to whom correspondence should be addressed.
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750 nm min~' between 200-400 nm. The
spectra obtained were smoothed by 15-point
smoothing. The third-order derivative spectra
were recorded with a AN = 28 nm; the fourth-
order derivative spectra were recorded with a
AN = 54 nm. On the basis of these derivative
spectra, the following methods were devel-
oped:

Sulphathiazole. Determine the sulphathi-
azole content from the third-order derivative
spectrum by measuring the signal at *Dag7 (cf.
15 for the nomenclature convention) or from
the fourth-order derivative spectrum at *Dygq ¢,
using the zero-crossing points with respect to
sulphanilamide in both cases.

Sulphanilamide. Determine the sulphanil-
amide content from the third-order derivative
spectrum at *Dyeg or from the fourth-order
derivative spectrum at D7, these being the
zero-crossing points for sulphathiazole.

Procedure for determining sulphathiazole
and sulphanilamide in pharmaceutical formu-
lations. Bucodrin (Fardi): a powdered tablet
was extracted with ethanol assisted with a
mechanical shaker or an ultrasonic bath, fil-
tered through common filter paper and the
filtrate used for measuring. Amidrin (Fardi):
2.50 ml of sample were diluted to 100 ml with
ethanol. Aliquots of these solutions were taken
and the sulphathiazole and sulphanilamide
were determined as described above.

Results and Discussion

Sulphathiazole and sulphanilamide solutions
showed overlapping UV spectra in all pH
ranges studied, making it difficult to resolve
mixtures by classical spectrophotometry.
However, derivative spectrophotometry can be
used for resolving this problem satisfactorily.

First, the stability of the sulphonamide sol-
utions has been tested, and the influence of
solvent and changes in the UV spectra with pH
have been examined.

Ethanolic solutions of sulphathiazole and
sulphanilamide (107> M) are stable for at least
10 days, and the diluted solutions in ethanol—
water (1:10) were also stable for at least 1
week. When the content of ethanol was in-
creased, a slight bathochromic effect was ob-
served in the sulphathiazole and sulphanil-
amide absorption spectra.
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In order to establish a suitable pH value for
this work a range of values between pH 1-12
was examined. In Fig. 1 it can be observed
that, in the case of these two sulphonamides,
the absorption spectra remain unchanged be-
tween pH 3.5-6.0. As a result, a pH of 4.5 was
considered suitably stable for an attempt to
develop a quantitative method for binary mix-
tures.

The zero-order derivative spectra of sulpha-
thiazole and sulphanilamide in ethanol-water
(10%) at pH 4.5 are shown in Fig. 2. It can be
observed that the overlapping of the spectra
prevents the resolution of the mixtures by
direct  spectrophotometric = measurement.
However, derivative spectra of third-order and
fourth-order can be used satisfactorily.

Owing to the extent of the noise levels
observed in the derivative spectra, a smoothing
function was used (Data Leader Beckman
Instruments) on the basis of the Savitzky and
Golay method [11]. Thus the zero-order
spectra of sulphathiazole and sulphanilamide
were smoothed with 5 to 25 experimental
points; a 15-point smoothing algorithm was
considered to be optimum for each of the two
sulphonamides.

The scan rate was found not to influence the
intensity or shape of the derivative spectra
unduly, although the choice of scan speed was
limited by the instrument used (500 and
750 nm min~’). Once the operating para-
meters had been optimized, mixtures of

sulphathiazole and sulphanilamide were
studied.
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Figure 1
Influence of the pH on the absorbance of sulphathiazole
(1) and sulphanilamide (2) at their A,, values.
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Absorption spectra of sulphathiazole (1) and sulphanilamide (2) solutions in ethanol-water (1:9) at pH 4.5.

Sulphathiazole and sulphanilamide mixtures

Derivative spectra of different orders were
obtained using smoothed spectra of sulpha-
thiazole, sulphanilamide and sulphathiazole-
sulphanilamide mixture solutions. First-deriv-
ative and second-derivative spectra were not
found to be resolved, but third-order and
fourth-order derivative spectra could be used
for the quantitative analysis of the resolved
sulphathiazole and sulphanilamide in mixtures,
as can be seen in Fig. 3. Sulphathiazole is
determined by measuring the signal at *Dyyy
from the third-order derivative spectrum or at
“Da,goo in the fourth; and is determined at
3D,es Or “Dyyg in the third-order or fourth-
order derivative spectra, respectively.

The influence of the AN value on the
derivative spectra was tested in a range of
values between 4-44 nm (third-derivative
spectrum) and between 6-120 nm (fourth-
derivative spectrum). As a result, a A\ values
of 28 and 54 nm were considered suitable for
the third and fourth-derivative spectra, respec-
tively.

When all the instrumental parameters had
been optimized, the linearity of the selected
derivative measures for both sulphonamides
was examined. A range of concentrations was
studied for sulphathiazole (1-22 pg mi™!) and
for sulphanilamide (0.5-14 pg mi™'), as shown
in Figs 4 and 35, respectively. The statistical
data from the calibration graphs obtained from
these spectra are given in Table 1. To check the
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Derivative spectra of the sulphathiazole, sulphanilamide
and sulphathiazole—sulphanilamide mixture solutions in
ethanol-water (1:9), at pH 4.5. Key: (--) sulphathiazole;
() sulphanilamide; (——) mixture.
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Influence of sulphathiazole concentration on the derivative spectrum: (a) third-order derivative; (b) fourth-order
derivative.
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Influence of sulphanilamide concentration on the derivative spectrum: (a) third-order derivative; (b) fourth-order
derivative.

precision of the methods, the signals for Application

replicate samples (n = 9) containing sulpha- The simultaneous determination of sulpha-
thiazole (8.9 pg ml™') and sulphanilamide thiazole and sulphanilamide in synthetic mix-
(7.0 pg ml™') were measured individually tures was performed using the zero-crossing
(Table 2). measurement method [12, 16] at the wave-



DETERMINATION OF SULPHATHIAZOLE AND SULPHANILAMIDE 121

Table 1
Calibration data for sulphathiazole and sulphanilamide

Correlation coefficient

Compound Equation n*
Sulphathiazole D,y =02%x107%+125x1074C 0.9999
(7.5 x 1075)f (5.6 x 107%)t
“Dygge = 0.6 X 107* + 162 x 1074 C 1.0000
(7.9 x 107%)f (5.9 x 1073
Sulphanilamide Dagg = 10X 107 +21.4 x 107*C 1.0000
(6.5 X 107°)1 (7.8 x 107%)%
Dy =16%xX1074+15.0x1074C 1.0000

(2.6 x 1079 (3.2 x 107%)¢

*n=2>5.

C = concentration of sulphathiazole or sulphanilamide (ug ml™").
1Standard deviation of intercept.

1 Standard deviation of slope.

Table 2
Statistical parameters for the determination of sulphathiazole and sulphanilamide
Standard deviation RSD* Detection limit Determination limit
Compound Signal measured (pg ml™Y) (%) (pg mi™") (ngml™h
Sulphathiazole 3Dsor 5.0 x 1073 0.46 0.106 0.35
“Dagoe 7.0 x 1073 0.46 0.093 0.31
Sulphanilamide *Dies 12 x 1073 0.82 0.074 0.25
“Dyag 9.7 x 107° 0.92 0.066 0.22
*n = 5.
Table 3
Recovery of sulphathiazole (ST) and sulphanilamide (SA) in mixtures
ST (pg ml™Y) Recovery SA (pgml™) Recovery
ST-SA ratio Theoretical Found (%) Theoretical Found (%)
D
1.4:1.0 2.2 22 100.0 1.4 1.1 78.6
1.0:3.2 2.2 22 100.0 7.0 71 101.4
1.0:6.4 2.2 2.0 90.9 14.0 14.0 100.0
6.4:1.0 8.9 9.0 101.1 1.4 1.5 107.1
1.6:1.0 8.9 8.9 100.0 5.6 5.7 101.8
1.0:1.4 8.9 8.9 100.0 12.6 12.5 99.2
11.9:1.0 16.7 17.0 101.8 1.4 1.7 121.4
4.8:1.0 16.7 16.9 101.2 35 3.6 102.9
2.4:1.0 16.7 16.6 99.4 7.0 7.2 102.9
‘D
1.4:1.0 22 2.2 100.0 1.4 1.4 100.0
1.0:3.2 22 2.2 100.0 7.0 7.0 100.0
1.0:6.4 22 2.1 95.5 14.0 14.0 100.0
6.4:1.0 8.9 9.0 101.1 1.4 1.4 100.0
1.6:1.0 8.9 8.9 100.0 5.6 5.6 100.0
1.0:1.4 8.9 8.9 100.0 12.6 12.5 99.2
11.9:1.0 16.7 16.9 101.2 1.4 1.4 114.3
4.8:1.0 16.7 16.7 100.0 35 3.5 100.0
2.4:1.0 16.7 16.5 98.8 7.0 7.0 100.0

lengths selected in the procedure. Table 3 anilamide in the third-derivative mode, and
presents the results of the determination of 99.6 and 101.5% for sulphathiazole and sulph-
different mixtures. As can be seen, satisfactory anilamide in the fourth-derivative mode,
results were obtained with a mean recovery of respectively.

99.3 and 101.7% for sulphathiazole and sulph- Sulphathiazole and sulphanilamide were
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Table 4
Analysis of sulphathiazole and sulphanilamide in formulations
Found  Recovery
Proprietary name Composition Signal (g) (%) HPLC*
Bucodrin Per tablet
(Taedi) hiazole. 0.10 ¢
\f'ailuiy DulplldlllldLUlC v.1v 5
2-Ethoxy-6,9-diamino acridine lactate, 0.002 g >*Dagr 0.081 81.0 0.082
ephedrine ester, 0.003 g Dagos 0.086 86.0
Amidrin
(Fardi) Sulphanilamide, 0.40 per 100 ml 0.44 110.0 0.42

*Using a method developed in the laboratory (n = 5).

determined in pharmaceutical preparations.
Because of difficulties encountered in obtain-
ing dncaoe forms r‘nntmmno both of the innh-

g COEL 101 Lolvalliid DOLIT Y LG Bt

onamldes tested, the proposed method was
applied to the determination of these drugs in
commercial formulation mixtures. Samples
were prepared and analysed as described
above. The results obtained are in

agreement with those obtained by HPLC
(Table 4).
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