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Abstract

Sulfamethoxazole (SMX) was treated with sodium nitrite and hydrochloric acid for
diazotization reaction followed by coupling with chromotropic acid in alkaline
medium to form,an orange colored azo dye compound which exhibits maximum
absorption (Amax) at 513nm and the concentration of(SMX) was determined
spectrophotometrically. The optimum reaction conditions and other analytical
parameters were evaluated. In addition to classical univariate optimization, modified
simplex method (MSM) has been applied in optimization of the variables affecting the
color producing reaction.

Beer’s law obeyed in the concentration range of 0.5-20pg.mL’ with molar

absorptivity of 3.1786x10*L.mol’.cm™. The limit of detection was found to be
0.043pug.mL" and the Sandell's sensitivity value was 7.9681pug.cm™. The proposed
method could be successfully applied to the determination of (SMX) in synthetic
sample and urine.

Key words: Spectrophotometric determination, Sulfamethoxazole, Diazotization reaction,
Coupling reaction.
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Introduction
Chemically sulfamethoxazole bacteria. Its use has been limited by the
(Figurel) is 4-Amino-N-(5-methyl-3- development of resistance and it is now
isoxazoyl) benzene sulfonamide) used mainly as a mixture with
antibacterial drug that interferes with trimethoprim‘".
folic acid synthesis in susceptible
o)
o £ N
"4 I / CH3
S
N
H
H,N
Figure 1: The chemical structure of sulfamethaxazole.
Sulfamethoxazole and other developmentaﬁ), laborious ",

sulfonamides having similar structures to p-
amino benzoic acid, are used in the
treatment of urinary tract infections,
eye infections and as a prophylaxis of
rheumatic fever. It acts as competitive
inhibitors of the enzyme
dihydropteroate synthetase, DHPS in
bacteria by blocking the conversion of
p-aminobenzoic acid to
dihydropteroate, a reduced form of
folic acid®.A survey of literature
revealed that several analytical methods

such as high performance liquid
chromatography ® flow injection®”,
high performancethin layer
chromatography® solidphase

extraction” | voltammetry™”  and
spectrophotometric  methods™™®  have

been reported for the determination of
sulfamethoxazole. Some of the reported
spectrophotometric methods require
long heating times for color
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applicable to high concentrations of the
drug @"* or are less sensitive®?.

The present study describes the use of
chromotropic acid as a chromogenic
reagent in the development of simple,
sensitive and a rapid
spectrophotometric method for the
estimation of SMX with reasonable
precision,  accuracy.  Experimental
conditions have been studied and the
method optimized using univariate and
multivariate simplex method.

Experimental
Instruments

The absorption spectra  were
recorded on a doublebeam shimadzu
UV-1800 spectrophotometer, while

CECIL 1011 UV-Visible single beam
spectrophotometer with 1cm matched
quartz cells was used for photometric
measurements.
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Materials and reagents
Pharmaceutical grade
sulfamethoxazole was received as a
powder in pure form (99.99%) as gift
sample from the State Company for
Drug Industries and Medical Appliances
Samara-Iraq (SDI).All chemicals and
reagents used were of analytical grade.

Reagents solutions

Sodium nitrite [0.5%(m/v)]: prepared
by dissolving 0.5g of NaNO, in
distilled water and diluted to 100mL in
a volumetric flask.

Sulfamic acid [2 % (m/v)]: prepared by
dissolving 2g of sulfamic acid in
100mL of distilled water.

Chromotropic acid (CTA) [ 2 % (W) :
prepared by dissolving 2g of CTA in
100mL of distilled water.

Sodium hydroxide [2M]: prepared by
dissolving 8g of NaOHinl00mL of
distilled water.

Hydrochloric acid [5N]:
concentrated HCI was
200mL with distilled water.
Hydrochloric acid [2N]: prepared by
diluting 16.72mL of concentrated
reagent to 100mL with distilled water.
Standard sulfamethoxazole solution
(SMX)100pg.mL™"

Standard solution of SMX was
prepared by dissolving accurately
weighted10mg of pure drug in 1.5mL
of SM HCI and further diluted to 100mL
with distilled water.

&mL of
diluted to

Preparation of
sample

L. 20 mg of the bulk drug was
mixed with Smg of interfering substance
mixture (consisting of 0.01 g of each
of glucose, lactose, soluble starch, and
vanillin).

2. 12.5mg of the resulted mixture
was dissolved by the same manner as
used for the preparation standard drug
to obtain 100 ug.mL'l.

synthetic  drug

22

Iraqi National Journal of Chemistry, 2014, volume53,20-35 (jswedlly il saall 2014- ¢ Lassll o slal duiagl) 438 jal) Al

Preparation of drug solution in urine
Solution of drug in urine was prepared
by dissolving 10mg of (SMX) in
1.5mL of 5M HCl and complete
volume to 100mL urine in volumetric
flask to obtain 100pgmL’ stock
solution.

General Standard Procedures
Univariate method

Aliquots of the standard
solution] 00pg.mL™" containing5—150pg
of sulfamethoxazole were transferred
into a series of 10mL volumetric
flasks. After cooling in an ice
bath,1.0mL of 0.05 % (m/v) sodium
nitrite  solution and 1.0 mL of
0.5MHCI were added to each flask.
The solution was shaken
thoroughly;1.5mL  of 0.5% (m/v)
sulfamic acid was added. The solutions
were swirled and the resulting
diazotized product was coupled with
CTA by the addition of 1.0mL 0f 0.7%
(m/v) this reagent followed by 2.0mL
of 0.IM sodium hydroxide solution
and allowed to stand for 10min.The
solutions were made up to themark
with distilled water. After mixing the
solution well, the absorbance of
orangecolored chromogenwas
measured at 513nm against the reagent
blank.

Simplex method

Aliquots of the standard solutionl 00
ng.mL " containing 5-200pgof
sulfamethoxazole were transferred into a
series of 10mL volumetric flasks. After
cooling in an ice bath, 1.0mL of 0.05
% (m/v) sodium nitrite solution and
1.0mL of 0.5SMHCI were added to each
flask. The solution was shaken
thoroughly; I.5SmL of 025%
(m/v)sulfamic acid was added. The
solutions were swirled and the resulting
diazotized product was coupled with
CTA by the addition of 1.0mL of 0.4%
(m/v) this reagent followed by 2.0mL
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of 0.2M sodium hydroxide solution
and allowed to stand for 10min. The
solutions were made up to the mark
with distilled water. After mixing the
solution well, the absorbance of orange
colored chromogen was measured at
513nm against the reagent blank.
Results and Discussion Absorption
spectrum and reaction scheme

The Primary aromatic amines are
specifically and sensitivity
determinable by diazotization of amine
to corresponding diazonium compound,

2.500 |
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then coupling with activated aromatic
compounds to yield an azo compounds
as this reaction '”.

Ar-N; +ArH— Ar-N=N-Ar'+H'

The investigated method involves
the  diazotized  sulfamethoxazole
reaction with chromotropic acid in an
alkaline medium to give an orange
colored azo dye with a maximum
absorption at 513nm (Figure 2). The
reaction can be represented in
Schemel.

2000

1.500f

Abs.

1.000[

0.500(

0.000 L
350.00  400.00

500.00

nm.

600.00 700.00

Figure 2:Absorption spectrum of: (A) 10 pg.mL"' SMX-CTA against reagent blank, (B)
blank solution against distilled water.
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Schemel: The reaction mechanism for diazotization and reaction between SMX and
CTA.

Optimization of reaction variables
Univariate method

A systematic study of the effects of
various parameters on the development
of color products were taken by varying
the parameters one at a time and
controlling all others fixed. These
variables include effect of diazotization
reaction time, sodium nitrite

concentration and coupling reaction
time.
Effect of diazotization reaction time
The optimum diazotization time was
determined, at ~ 0 °C, by following the
absorbance of the formed azo-dye for
the period of (0-20) minutes (Tablel).
It was found that the an orange colored
product with maximum absorbance at

concentration, hydrochloric acid 513nm has taken place instantaneous,
concentration, sulfamic acid after which no more increase in
concentration,  chromotropic  acid absorbance values was obtained.
concentration,  sodium  hydroxide
Tablel: Effect of diazotization reaction time.
Time (min.) Absorption
0 0.117
5 0.105
10 0.102
15 0.100
20 0.098
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Effect of sodium nitrite

The effect of the concentration of
(NaNQO,) was studied by measuring the
absorbance of the color products at
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513nm (Figure3); it was found that
1.0mL of 0.05% m/v solution sodium
nitrite was needed for maximum color
intensity for azo dyes complex.

0.14

=4
[
[

Absorbance

012 4

011

0 Concentration of NaNO; [% (m/v)]”

Figure3: Effect of sodium nitrite in the determination of 10pg.mL™of SMX.

Effect of acidity

The influence of hydrochloric acid
concentration on the diazotization
reaction was studied over the range
0.025-2.00 M. Maximum and constant

absorption intensities were achieved at
addition of 1.0mL of 0.5M HCI
(Figure 4), after which the absorbance
of the reaction product began to
decrease.

0.17

Absorbance
ot
tn

0 05

1 15 2

Concentration of HCI1 (M)

Figure 4: Effect of acidityon the color development of dye in the determination of
10pg.mL™" of SMX.

Effect of sulfamic acid concentration
To remove excess nitrite, sulfamic
acid was added. The optimum sulfamic
acid concentration was estimated by
adding 1.5mL from  various

concentration of 0.25-2% m/v of
sulfamic acid solution, it was found
that 1.5mL of 0.5% m/v solution gave
the highest absorbance value as shown
in (Figure 5).
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Figure 5: Effect of sulfamic acid concentration in the determination of 10ug.mL'1 of
SMX.

Effect of reagent concentration highest color intensity of the azo dye
Concentration of chromotropic acid as shown in Figure 6. The investigation
ranged from 0.1-2.0 % m/v ofl.0mL showed that 1.0mL of 0.7% m/v CTA
solutions were examined to found gave maximum and stable color.
040
e ’\«
=]
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= 030
]
=]
T
2
=
{ﬂ 0.20
010
0.00 0.40 0.80 1.20 1.60 2.00

Cocentration of chromotropic acid [% (m/v)]

Figure 6: Effect of CTA concentration on the color development of dye in the
determination of 10ng.mL™" of SMX.

Effect of alkalinity Addition of more than 0.1M of alkali

It was found that the optimum causes a decrease in absorbance; this
concentration of sodium  hydroxide may be attributed to the decolorization
leading to a maximum intensity of of colored azo dye (Figure7).

complex color was 2.0mL of 0.1M.
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Figure 7: Effect of alkalinity in the determination of 10pg.mL™" of SMX.

Effect ofcoupling reaction time

The optimum time of coupling reaction
(before dilution) was determined by
following the color of the developed
azo dye at room temperature. The
reaction mixture was allowed to stand

for different time intervals (Table 2),
and it was found that 10min. period
was  required for full  color
development and the color last stable
for at least 3h.

Table2: Effect of coupling reaction time.

Time Absorption
Omin. 0.642
Smin. 1.048
10min. 1.119
15min. 1.114
20min. 1.113
3h 1.113

Simplex method

Multi  simplex program  was
employed to find out the optimum
experimental conditions for
determination of (SMX). In this
method three interest factors (n=3),
namely concentration of sulfamic acid,
chromotropic acid, and sodium
hydroxide were chosen as independent
variables and the absorbance of the
formed azo dye at 513nmas response
was assessed.
The boundary conditions for the three
independent  variables,  delineated
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above, were set (Table 3) together with
their step values.

Four (n+1) arbitrary  experimental
conditions were arbitrary chosen, by
selecting the values of these
parameters within specified boundaries
for each, at which they affected the
measured absorption signals of the
colored products (experiments number
14in  Table 4).The measured
absorption signals of these four
experiments were feed into the multi
simplex computer program. The
program then suggest a new set of
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conditions to be carried out and the
resulted absorbance is feed again to the
program and so on. Figure 8 shows the
progress of the simplex, which
indicates a gradual improvement in the
response function. Only 19
experiments were enough to evaluate
the proper conditions at maximum
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response  function, two  more
experiments were done to ensure the
obtained results (Table 4).

The conclude optimum  operating
conditions for the determination of
(SMX)were found to be 0.25% m/v
sulfamic acid, 0.4% m/v CTA and 0.2M
sodium hydroxide.

Table 3: Boundary of simplex for the studied variables.

Variable Minimum Maximum Step size
boundary boundary
Conc. of sulfamic acid (%) m/v 0.25 2.0 0.25
Conc. of CTA (%) m/v 0.10 2.0 0.10
Conc. of NaOH(M) 0.05 2.0 0.05

Table 4: Multivariate experiments (Simplex) for determination of 10;1g.mL'1

SMX.
Exp. Conc. of Conc. of Conc. of sodium

No. sulfamic chromotropic hydroxide(M) Abs.

acid(%) m/v acid(%) m/v
1 0.25 0.1 0.30 1.230
2 0.75 0.8 0.70 0.488
3 1.25 1.1 1.50 0.383
4 2.00 0.5 1.80 0.349
5 0.25 0.1 0.05 0.622
6 0.25 0.1 0.10 0.771
7 0.50 0.3 0.60 0.485
8 0.25 0.1 0.20 0.929
9 0.25 0.2 0.25 1.250
10 0.25 0.2 0.40 0.712
11 0.25 0.2 0.35 1.088
12 0.25 0.2 0.30 1.241
13 0.25 0.3 0.45 0.704
14 0.25 0.1 0.20 0.929
15 0.25 0.3 0.20 1.259
16 0.25 0.3 0.15 1.157
17 0.25 0.4 0.15 1.193
18 0.25 0.3 0.25 1.266
19 0.25 0.4 0.20 1.269
20 0.25 0.5 0.20 1.128
21 0.25 0.3 0.30 1.182
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Figure 8: Response function progress for simplex.
Calibration curves and analytical data Beer’s law was obeyed in the range of
I- Univariate optimization method (0.5-15.0) pgmL'of SMX. The
The effect of concentration on the regression equation, correlation
absorbance behavior at optimum coefficient, molar absorptivity,
conditions of univariate method was Sandell's sensitivity and detection limit
investigated using authentic standard. are calculated and listed in Table 5.

The results are shown in Figure9.

Table 5: Optical characteristics and statistical data for determination of SMX by
univariate method.

Parameter Value
Amax (nm) 513
Color Orange
Linearity range (ug.mL ") 0.5-15.0
Regression equation Y=0.1148[SMX. pg.mL']-0.0321
Calibration sensitivity (mL.ug ") 0.1148
Correlation coefficient (R) 0.9996
Correlation of linearity (R) 0.9992
Molar absorptivity (L.mol".cm ™) 2.9076*10°
Sandell's sensitivity (ug.cm™) 8.7109
Detection limit (ug.mL™") 0.066
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y=0.1148x-0.0321
16 R*=0.9992
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Figure 9: Calibration curve for the determination of SMX by univariate optimal

conditions.

II- Simplex optimization method optimum conditions obtained by multi

Optical characteristics and simplex optimization, in comparison with
statistical data for the regression those obtained via univariate method.
equation for the calibration graph A comparison of performance of the
constructed ~ under experimental proposed method with already reported
conditions obtained via simplex spectrophotometric procedures is given
method are given in Figure 10 and in Table 7; the results indicate that the
Table 6.The results show better optical proposed method is sensitive and
characteristics for calibration curve rapid.

and statistical data were obtained under

3.0

y=0.1254x-0.0263
R:=0.9994

[ =)
in

Absorbance
o
th

0 3 6 ) 12 15 18 21
Cocentration of SMX (ug.mL1)

Figurel0: Calibration curve for the determination of SMX by simplex optimal conditions.
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Table 6: Optical characteristics and statistical data for determination of SMX by
simplex method.

Parameter Value
Amax (nm) 513
Color Orange
Linearity range (ug.mL ") 0.5-20.0
Regression equation Y=0.1254[SMX. pg.mL']-0.0263
Calibration sensitivity (mL.ug ") 0.1254
Correlation coefficient (R) 0.9996
Correlation of linearity (R?) 0.9992
Molar absorptivity (L.mol".cm ™) 3.1761*10*
Sandell's sensitivity (ug.cm™) 7.9745
Detection limit (ug.mL™") 0.043

Table7: Comparison of visible spectrophotometric methods for the determination of

SMX.
Amax Linearity Detection
Reagent (nm) range S(L.mol'1 .cm'l) limit Ref.
(ng.mL") (ng.mL")
Phenosaframine 272 1.07-16.70 4.90x 10* 0.4280- 18
0.5730
Mo(V)-thiocyanate | 470 5-300 1.00x 10° 1.0200 19
O-Phthalaldehyde 340 ]0.016-0.144 R R 20
2-naphthol 482 40-130 1.34x 10" 4.0000 21
3-amino phenol 460 0.1-8.0 432x10% | ... 23
Iminodibenzyl 580 0.05-4.00 4.79% 10* 0.0335 24
4-Dimethyl amine | 545 0448 | | 25
cinnamaldehyde
P-Benzoquinone 500 40-55 | L 26
Chromotropic acid | 513 0.5-20.0 3.17x 10* 0.043 Present
work
Precision and Accuracy deviation (RSD) on the same drug
The  accuracy of the  Dboth samples (Table 8).

methods(univariate and simplex) was
established by analyzing five replicates
of pure drug at three concentration
levels, and the precision was examined
by determining the relative standard

The low values of RSD% (0.163—
1.795) and the range of error at the
levels percent (-1.000-0.428) indicate a
high accuracy and precision of the
proposed method.

Table 8: Evaluation of accuracy and precision for the determination of SMX by
proposed method.

Conc. of SMX (ng.mL™") Relative RSD%

Taken Found* Error% n=(5)

2 1.980 -1.000 1.795

For univariate 7 7.030 0.428 0.313
15 15.000 0.026 0.212

2 1.990 -0.500 0918

For simplex 7 7.020 0.285 0.227
15 14.960 -0.266 0.163

*Average of five determinations.
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Interference Studies

To assess the analytical potential of the
proposed method, the effect of some
common excipients; vanillin, glucose,
lactose, starch which often accompany
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dug, were examined by carrying out
the determination of 10pg.mL™’ of
SMX in the presence of above
compounds. The results are presented
in Table 9.

Table 9: Percent recovery for 10pg.mL™" of sulfamethoxazole in the presence of different
concentration of the studied excipients.

Excipients Conc. pg.mL™" Sulfamethoxazole Conc. Taken
10pg.mL"!
Conc. Found % Recovery
ug.mL'1
Vanillin 9.813 98.130
Glucose 1000 9.926 99.260
Lactose 10.160 101.600
Starch 10.000 100.000

Application on synthetic sample
Application of the proposed method to
the determination of SMX in its
synthetic sample was successfully
made; the results are listed in Table 10.
The excellent recoveries obtained

indicate that the absence of any
interference from the excipients. The
range of recovery values were is
(101.17-102.25%)and the values of
relative standard deviation percent
ranged from0.2569 to 1.1864%.

Table10:Application of the proposed method to the SMX concentration measurements

in synthetic sample.

Weight* Conc. Conc.*
Sample found taken found Recovery RSD*
mg/25mg | pg.mL’ ng.mL! % %
20mgSMX/25mg 20.45 2.000 2.045 102.25 1.1864
tablet 20.32 5.000 5.080 101.60 0.4287
20.23 10.000 10.117 101.17 0.2569

* Average of three determinations
Application in spiked urine

The proposed spectrophotometric method
was also used to the in vitro
determination of SMX in spiked
human wurine samples. Recovery
studies were performed with the
sample containing various amounts of

32

SMX. The results of recovery percent
and percentage relative standard
deviation given in Table 11. The
recovery values were in the range
(95.0-98.4%) while standard deviation
was ranged from (0.1754-0.9655%).

Create PDF files without this message by purchasing novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com
http://www.novapdf.com

Iraqi National Journal of Chemistry, 2014, volume53,20-35 (jswedlly il saall 2014- ¢ Lassll o slal duiagl) 438 jal) Al

Tablel1:Application of the proposed method to the SMX concentration measurements
in spiked urine.

Sample Conc. taken Conc.* found Recovery R.S.D*
ug.L'1 ug.L'1 % %

SMX in urine 2.00 1.99 95.0 0.9655

5.00 4.92 98.4 0.7158

10.00 9.73 97.3 0.1754

*Average of three determinations.

Application in spiked wurine by
standard additions method (SAM)

The standard addition technique which
followed to check the validity of the
proposed method has given good
recoveries of the drug in presence of
urine suggesting non-interference from
spiked urine. Hence, this method can

be recommended for adoption in
routine analysis of SMX in quality
control laboratories. Table12 shows the
result of recovery % and relative
standard deviation % for the standard
additions method. Figurel 1shows the
plot of the determination of SMX in
urine by standard additions method.

Tablel2:Application of the proposed method to the SMX concentration measurements
in spiked urine by standard additions method.

Conc. taken | Conc.* found o %0
Sample ng.ml’ ng.mL” Recovery % R.S.D*%
SMX in urine
200.00 198.47 99.235 0.6418
*Average of three determinations.
y=0.8384x+1.04
R*=0.9988 T
]
]
= 150
=
-
g K
n 1.00-
=
=
050
-1.50 -1.00 050 0.00 0.50 1.00 1.50

Volume of standard solution (mL)

Figurell: Determination of SMX in urine by standard additions method.
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Conclusions:

Diazotization reaction of primary
amine group followed by coupling
with chromotropic acid in alkaline
medium was found to be a simple,
sensitive, accurate and economic
spectrophotometric method for quantitative
determination of (SMX) in pure form
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