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Abstract

For the determination of sulfamethoxazole (SMZ) in pure and pharmaceutical
formulations, new simple sensitive spectrophotometric methods have been
devised. The first technique involved forming an ion pair complex between the
basic nitrogen of the SMZ medication and Eriochrome black (EBT) in an
acidic buffer solution, and extracting the created complex with chloroform to
get a persistent reddish-orange colored dye with a maximum wavelength of
490 nm. Beer's law was followed, and 0.9998 was the correlation coefficient.
0.471x104L. mol™.cm™was the molar absorptivity, and the detection limit was
0.177 g/mL. Dispersive liquid-liquid extraction (DLLE) is a second method
for estimating a trace amount in an aqueous solution product using an ion pair
and a UV-visible spectrophotometer with a maximum wavelength of 490 nm.
The concentration range was 0.5-6 g/mL, with a correlation coefficient of
0.9995, 0.889x10° L.mol™*.cm™, a molar absorptivity of ,the detection limit of
0.013 g/L, and a pre-concentration factor of 25 and an enrichment factor of
18.20. Sulfamethaxazole in pharmaceutical formulations was successfully
determined using the provided methodology.

Keywords: sulfamethaxazole, ion pair complex, Dispersive liquid-liquid
extraction, pharmaceutical formulation and spectrophotometer

Introduction

Sulfamethoxazole (SMZ) belongs to the sulfonamide family of antibacterials,
and its chemical name is 4-Amino-N-(5-methyl-3-isoxazolyl)-benzene
sulfonamide, with the atomic formula C;oH;1;N3O3S and a molecular mass of
(253.279 g.mol™). The drug's basic structure is illustrated in Fig 1. . The
development of resistance has hampered its use., and it is now primarily used
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in combination with trimethoprim [1, 2, 3]. Co-trimoxazole is a combination
of sulfamethoxazole and trimethoprim that is used to treat a wide range of
bacterial infections, including middle ear infections, genito-urinary tract
infections, respiratory tract infections like bronchitis, and enteric infections.
Pneumocystis carinii pneumonia, toxoplasmosis, and nocardiosis are the most
common uses presently. The most prevalent side effects of this medication
combination are gastrointestinal problems (mostly nausea and vomiting) and
skin responses [4, 5]. According to a literature review, only a few analytical
procedures for Sulfamethoxazole analysis have been published. Some
spectrophotometric methods [6,10], HPLC [11,18], As For an example, Flow
Injection Analysis (FIA) [19] and Micellar Electro Kinetic Capillary
Chromatography (MEKC) [20]. The purpose of this study is to develop an
Improved spectrophotometric approach based on the ion pair reaction with the
new reagent EBT for estimating trace concentrations utilizing dispersive
liquid-liquid extraction.
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Fig. 1: Structure of ulfamethoxazole

Experimental: Materials and Methods

Instruments : The absorbance was measured using a Spectrophotometric
single-beam UV-visible 295 (Lasany-India) with quartz cells of 1 cm and 0.5
cm. The pH of the buffer solution was checked using a Hanna pH-meter device
(pH 211) from Romania.

Chemicals and Reagents: The chemicals were given by Merck and were of
analytical purity. The quality control laboratory received sulfamethaxazole
(the general company for the manufacture of medicines and medical supplies -
Samarra).
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General procedure for ion pair

1.0 mL aliquots of 1000 mg sulfamethoxazole was transferred into a 20 mL
conical flask , then added 1.0 mL1000 mg mL™* of 2.167 x10° M EBT(Erio
chrome black) . After that 1 mL of buffer has been added to the solution and
completed to 20 mL with distilled water and transfer to funnel separation. The
ion-pair have been obtained with 10 mL of chloroform and shaking 5 min, the
absorbance of colored ion-pair measured at wavelength 490 nm.

General procedure of the DLLME method

In a beaker, a 1 mL aliquot of the produced dye from the ion-pair complex was
prepared, along with a 2 mL organic solvent mixture containing ethanol as a
dispersive solvent and chloroform as an extraction solvent, and swiftly injected
into the aqueous phase of the dye from ion-pair via micro syringe. The
injection procedure promotes the production of hazy samples, which aids in
the separation of solution. After that, spin for 5 minutes at 4000rpm. The blank
solution was created in the same way.

Solution for the Analysis of Sulfamethoxazole in Pharmaceutical
Preparations

In Tablets

The contents of 10 tablets were pulverized and mixed together thoroughly.
A specified amount of fine powder was carefully weighted to provide an
equivalent of 500 mg for tablets, and the mean value of the weight of one
tablet was obtained. About 10 mL of 0.4 M HCL was added,and transferred to
a 100mL volumetric flask, and the solution was agitated vigorously for 5
minutes before being diluted to the mark with distilled water to get 100 g.ml-1.
The solution was filtered with Whatman filter paper No. 41 before use to
eliminate any suspended or undissolved materials, with the first portion of the
filtrate being discarded. Working solutions were created after dilutions with
distilled water.

In Syrup

There are 5 mL of syrup in each (200 mg of sulfamethoxazole with 40 mg of
trimethoprim). To generate 100 g.mL-1 SMZ solutions, a precise volume (0.25
mL) was placed in a 100mL volumetric flask, swirled with 10 mL of 0.4 M
HCI, allowed to stand for 5 minutes, then diluted to the mark with distilled
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water. The solution was filtered with Whatman filter paper No.41 before use to
eliminate any suspended or undissolved materials, with the first portion of the
filtrate being discarded. Working solutions were prepared fresh and analyzed
following the stated procedure after dilutions with distilled water.

Result and discussion

The ion-pair complex of sulfamethoxazole with EBT as a reagent, which is
reddish-orange in color and has a wavelength of 490 nm, is the subject of the
basic study. Figure 2 shows the product's absorption spectra in comparison to a
blank.
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Fig. 2: Absorption spectrum ofSMZ( a) SMZ solution ( b) blank solution( c) dye of SMZ+EBT

Study the optimization of ion pair reaction

Different types of extraction solvents (dichloroethane, chloroform,
dichloromethane, and carbon tetrachloride) were studied, and the chloroform
presented increased effectiveness for the color intensity. When using different
types of pH buffers [NaAc-AcOH (pH 3.6-5.6), NaOAc-HCI (pH 1.0-2.2), the
results that were higher than pH 6 were not repeatable. As can be seen in
fig3b, pH 2 results in a high absorption. The best result was attained in 2 mL,
as shown in fig3c, using varying volumes of EBT (0.2-3) mL. The optimal
period to give high absorbance 2 minutes was studied using different shaking
times (1-5) minutes, as illustrated in fig3d.
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" Stoichiometric Ratio Determination

The stoichemistry of the ion pair reaction between SMZ and EBT was
investigated using the mole ratio method. (Fig.4) shows that the reddish-
orange dye is formed in the ratiol:1 (ETB reagent[R]: SMZ [D]).
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Fig.4: mole ratio for ion pair SMZ coupled with EBT
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From the mole ratio method shown, the ratio between the drugs and reagents
was 1:1, the proposed formula for the resulting dye produced are therefore as
follows [21] shown in fig5.

The possible reaction path may be written
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Fig.5: suggest mechanism of SMZ reaction with EBT

Study the optimum experimental conditions of DLLME for estimation
Amoxcillin

To achieve characterization, many types of extraction and disperser solvents
were studied, including dichloromethane, dichloromethane, carbon
tetrachloride, and chloroform as extraction solvents. As shown in fig.6a,
chloroform was the best solvent for high- intensity of absorbance. The
absorbance of various disperser solvents, such as ethanol, methanol, acetone,
and acetonitrile, was investigated. Ethanol gave the highest absorbance, as
shown in Fig 6b. The value of the preconcentration factor and the sensitivity of
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the DLLME method are strongly influenced by the volume of the organic
phase; the results show that chloroform has the best extraction ability among
the studied solvents when 2mL of it is mixed with ethanol in a 1:3 ratio;
increasing the volume of chloroform in this ratio reduces the absorbance value
of the extracted dye. This is due to the dilution effect, which lowers the analyte
concentration. It was determined that as the volume of ethanol was increased;,
the absorbance grew, but then quickly decreased, as seen in Fig 6¢. Different
centrifugation speeds (1000-6000 rpm) and times (1-7 min) were studied to get
great separation; the results show that 5 minutes at 4000 rpm gave higher
absorbance; therefore, they were fixed in experiential result shown in Fig. d
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conditions, prepared of the ion pair dye and DLLME curve by plotting
absorbance different concentrations SMZ
respectively show in Fig.7and Table 1 shows the parameter characteristic for
regression equation of ion pair and DLLME techniques

2-50 and 0.5-6 pg / mL
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Fig. 7: Calibration curve of SMZ: (a) ion pair ( b)
DLLME

Table 1: shows a characteristic parameter for the suggested ion pair and
DLLME of the SMZ drug's regression equation.

Parameters lon pair DLLME
A max M 490 490
Color Reddish-Orange Reddish-Orange
Regression equation Y=0.0186X-0.0293 Y=0.2439X+0.026
Linearity range( 2-50 0.5-6
pg/mL)
Correlation Coefficient 0.9998 0.9995
(n)
€(L.mol™.cm™) 0.471x10" 0.889x10°
Sandal’ sensitivity (Ug . 0.054 0.004
cm?)
Slope (b) 0.0186 0.2439
Intercept(a) -0.0293 0.026
Limit of 0.177 0.013
detection(pug/mL)
Limit 0.537 0.041
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quantification(ug/mL)
Enrichment Factor (EF) |  ------ 18.20
Pre-concentration factor |  ------- 25
(PF)

LOD = 3.3xSDy/S, SDy= the standard deviation of intercepts of regression
lines [22]

Precision and accuracy

The proposed methodologies ion pair reaction and DLLME were studied for
accuracy and precision under ideal conditions using varied concentrations,
measuring absorbance at a minimum of five readings per concentration. (RE
percent) -, (R percent), and (RSD percent ) are used to determine precision and
accuracy, as illustrated in Tables 2 and 3.

Table 2 shows the precision and accuracy of the proposed approaches for
estimating pure samples.

lon pair method

Drug Amount of drugs Relative” Recovery” Average RSD%"
ug /mi Error % % Recovery% (n=5)
Taken Found
10 9.970 -0.30 99.70
SMZz 20 19.99 -0.05 99.95 99.94 0.54
30 30.05 0.16 100.16

DLLME method

2 2.01 0.50 100.50
SMzZ 4 4.01 0.25 100.25 99.63 0.37
6 5.89 -1.83 98.166

* Average of five times, E% = relative error Found-taken /taken x100, Rec%
=recovery, and RSD%-=relative standard deviation.
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Table 3 shows the precision and accuracy of the suggested method for

determining commercial medications.

Type of Drugs Amou Relativ Recover Average RSD
ntof e Error y % Recover %
drugs % y % (n=5)
mg
Taken
Found

Bactrim tablet (Roche- 10 0.40  100.40

France) 10.04 -0.15 99.85 100.26 0.78
20 -0.16 99.83
19.97
30
29.95
Cotrim syrup (Asia-Syria) 10 -0.20  99.80
0.98 -0.10 99.90 99.97 0.98
20 0.23  100.23
19.98
30
30.07
DLLME method
Bactrim tablet (Roche- 2 -0.50  99.50
France) 1.99 -0.75 99.25 99.80 0.68
4 0.66  100.66
3.97
6
6.04
Cotrim syrup (Asia-Syria) 2 1.00 101.00
2.02 -0.50 99.50 100.05 0.54
4 -0.33 99.66
3.98
6
5.98

Table 4 shows that the derived t-values and F-values for SMZ estimation in
various pharmaceuticals are fewer than t-tabulated and F-tabulated at 95
percent confidence interval and (n-1) degrees of freedom.
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Table 4: shows a 95 % confidence level comparison of the suggested

method to the standard method using t and F statistical tests.

Rec% Value Rec Value Standar
Pharmaceutical lon t F % t F d
preparation pair DLL method?
compl E 3
ex meth
od Rec %
sulfamethoxazole pure | 99.94 99.63 100.01
Bactrim tablet (Roche- 1.10 | 7.55 0.862 | 10.79
France) 100.2 | (2.13 | (19.0 | 99.80 | (2.13 | (19.0 | 99.89
6 ) 0) ) 0)
Cotrim syrup (Asia-
Syria) 99.97 100.0 99.91
5
Conclusion

In this paper, SMZ reacts as an ion pair reaction with EBT and has
spectrophotometric characterization for application, for determination the SMZ
by using via spectrophotometric methods. These methods have the advantage
simple, fast and very sensitive and have good precision and accuracy. The
proposed methods were successfully applied for estimation of pure SMZ and
pharmaceutical formulation.
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