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ABSTRACT: A simple, sensitive, and selective rapid spectrophotometric method has been developed for the
determination of Sulfamethoxazole in both pure form and pharmaceutical formulations. The method is based on an
oxidative coupling reaction with Bratton—Marshall (BM) reagent at pH 4.0, producing a chromogen that is extractable
and measurable at 469nm. Beer’s law is obeyed over the concentration range of 5-30 pg/mL. The proposed method
was successfully applied for the direct and convenient analysis of pharmaceutical formulations. The relative standard
deviation (RSD) was found to be 0.25%, and the recovery was 99.96%, indicating good precision and accuracy. The
method was fully validated and demonstrated to be rugged. No interference from excipients or other formulation
ingredients was observed. The repeatability and reliability of the method were confirmed through statistical evaluation
and recovery studies.

KEYWORDS: UV-Visible Spectrophotometric Method, Sulfamethoxazole, Quantitative Estimation, Bratton—Marshall
(BM) reagent, Robustness and Ruggedness.

L. INTRODUCTION

Sulfamethoxazole (SMX) is a sulfonamide-class antibacterial agent chemically designated as 4-amino-N-(5-methyl-
1,2-oxazol-3-yl) benzenesulfonamide. It exhibits broad-spectrum antibacterial activity against both Gram-positive and
Gram-negative microorganisms and is widely used due to its efficacy, affordability, and well-established clinical
profile. SMX is most commonly administered in combination with trimethoprim (TRI), forming the synergistic
formulation known as co-trimoxazole, which is extensively prescribed for the treatment of urinary tract infections,
respiratory tract infections, and gastrointestinal infections (1-3). In addition, SMX has demonstrated therapeutic utility
in combination with primary amines for the treatment of chloroquine-resistant Plasmodium falciparum malaria.

The antibacterial activity of SMX is attributed to its ability to competitively inhibit the enzyme dihydropteroate
synthase (DHPS), thereby disrupting the bacterial folic acid biosynthetic pathway. This inhibition prevents the
formation of dihydrofolic acid, an essential precursor required for nucleic acid synthesis, ultimately leading to the
suppression of bacterial growth and proliferation (4). Several analytical methods have been reported for the quantitative
determination of SMX in pharmaceutical formulations and biological matrices. These include charge-transfer
complexation techniques (5), UV—Visible spectrophotometric methods (6—13), rapid ultra-performance liquid
chromatography (UPLC) methods (15), flow injection analysis coupled with potentiometric detection (17), and
colorimetric sensor-based approaches (18,19), which offer advantages such as simplicity and visual detectability.
However, despite these reported techniques, no visible spectrophotometric method based on diazotization and coupling
reactions using o-phenylenediamine (OPDA) has been documented to date. In view of this gap, the present study aims
to develop and validate a simple, sensitive, and cost-effective UV—Visible spectrophotometric method for the
quantitative determination of SMX in bulk drug and pharmaceutical dosage forms. The proposed method employs
OPDA as a derivatizing reagent, providing an efficient and reliable analytical alternative suitable for routine quality
control analysis.
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Fig.1.Chemical structure of Sulfamethoxazole
II. MATERIALS AND METHODS

Instrumentation

Spectral measurements were performed using a Thermo Scientific GENESYS 10S UV—Visible spectrophotometer, and
data acquisition was carried out using Thermo Fisher Scientific software. Quartz cuvettes with a path length of 10 mm
were used throughout the analysis. Sonication of standard and sample solutions was carried out using an Ultrasonicator
(1.3 L capacity). Weighing of standard and sample materials was performed using an ML-T Analytical Balance
(RS232) with appropriate accuracy.

Chemicals and Reagents

A reference standard of Sulfamethoxazole (SMX) was kindly provided by Analog Lab, Hyderabad. The marketed
formulation GANTANOL (SMX 400 mg) was procured from a local pharmacy. Bratton—Marshall (BM) reagent and
distilled water (used as solvent) were obtained from Brass Scientific Pvt. Ltd., Andhra Pradesh, India. All reagents and
chemicals used were of analytical reagent grade.

Preparation of Standard Stock Solution

An accurately weighed 100 mg of SMX reference standard was transferred into a 100 mL volumetric flask and
dissolved in approximately 50 mL of distilled water. The solution was sonicated for 5 minutes to ensure complete
dissolution and then diluted to volume with the same solvent to obtain a stock solution of 1000 pg/mL. From this stock,
10 mL was transferred into a 100 mL volumetric flask and diluted with distilled water to obtain a working standard
solution of 100 pg/mL. Further dilutions were prepared as required for analysis.

Selection of Analytical Wavelength

Appropriate dilutions of the standard stock solution were prepared using Milli-Q water and scanned in the wavelength
range of 200-800 nm against a reagent blank using a 1 cm quartz cuvette. The overlain absorption spectra revealed a
well-defined maximum absorbance (Amax) at 525 nm for sulfamethoxazole. This wavelength was selected as optimal
for further spectrophotometric analysis.
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Fig.4.1. Absorption spectrum of Sulfamethoxazole treated with B.M reagent

Linearity

The linearity of the proposed spectrophotometric method was evaluated by analyzing sulfamethoxazole solutions over a
concentration range of 5-30pg/mL at the selected wavelength of 525 nm. A calibration curve was constructed by
plotting absorbance versus corresponding concentration, which demonstrated a strong linear relationship within the
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studied range. The regression analysis confirmed excellent linearity, indicating proportionality between absorbance and
concentration of sulfamethoxazole. The linearity data are summarized in Table 1, and the corresponding calibration

curve is depicted in Fig. 3.

Table.1. Linearity results for Sulfamethoxazole

S.No Concentration in pgml! Absorbance
1 5 0.197+0.004
2 10 0.394+0.008
3 15 0.592+0.003
4 20 0.789+0.007
5 25 0.987+0.002
6 30 1.184+0.006
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Fig3. Linearity graph for Sulfamethoxazole

Accuracy (Recovery Studies)

Accuracy of the proposed method was evaluated through recovery studies conducted in accordance with standard
analytical guidelines. Recovery experiments were performed at three concentration levels 10%, 20%, and 30%by
spiking known amounts of sulfamethoxazole into the pre-analyzed sample matrix. The resulting solutions were
analyzed at the selected wavelength, and the absorbance values obtained were used to calculate the percentage recovery
and percentage relative standard deviation (%RSD) for each concentration level. The recovery results ranged between
98-102%, with %RSD values below 2%, demonstrating the accuracy, reliability, and reproducibility of the developed

method. The detailed recovery data for sulfamethoxazole are presented in Table 2.
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Table2. Results obtained from recovery studies

S.No Amount added pgml™! Amount found* pgml! % Recovery
1 5 4.97+0.04 98.40+0.213
2 10 9.89 +0.01 98.90+0.422
3 15 14.86 + 0.03 99.00+0.613
4 20 19.92+0.06 99.60+0.300
5 25 24.88+0.02 99.52+0.101
6 30 29.99+0.01 99.96+0.124

Precision

The precision of the developed analytical method was evaluated in terms of repeatability (intra-day precision) and
intermediate precision (inter-day precision) and expressed as percentage relative standard deviation (%RSD). A test
solution containing 10 pg/mL of sulfamethoxazole was analyzed in six replicate measurements. Intra-day precision was
assessed by analyzing the six replicates within the same day, whereas inter-day precision was determined by repeating
the analysis over three consecutive days under identical experimental conditions. The %RSD values obtained were
0.678% for intra-day precision and 0.785% for inter-day precision, demonstrating excellent method precision and
reproducibility. The precision data are summarized in Table 3, confirming that the proposed method meets acceptable
analytical performance criteria.

Table3. Precision Results for Sulfamethoxazole

S.No Intra Day Inter Day

1 0.394+0.002 0.388+0.006

2 0.395+0.004 0.385+0.007

3 0.397+0.006 0.384+0.002

4 0.399+0.001 0.381+0.003

5 0.401+0.003 0.379+0.001

6 0.402+0.005 0.377+£0.004
7 % RSD=0.678 % RSD=0.785

Ruggedness and Robustness

The ruggedness of the proposed analytical method was evaluated by assessing its reproducibility under normal
operating conditions when performed by different analysts. The analysis was carried out using the same experimental
procedure, and the percent relative standard deviation (%RSD) was calculated from three replicate absorbance
measurements for sulfamethoxazole. The obtained %RSD value of 0.253 indicates minimal variability between
analysts, thereby confirming the ruggedness of the method. The corresponding results are presented in Table 4.
Robustness was evaluated by deliberately introducing small, controlled variations in experimental conditions to assess
their effect on method performance. The results demonstrated that such minor changes did not significantly influence
the analytical outcome, confirming the robustness of the developed method. The robustness data are summarized in
Table 5.

Table4. Ruggedness of the experimental studies

S.No Variation (10 pgml?)
1 Actual 0.394+0.001
2 Analyst to Analyst 0.393+0.004
3 Instrument to instrument 0.397+0.006
4 %RSD 0.253
IJIRSET©2026 | AnISO 9001:2008 Certified Journal | 6204
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Values are given in the table are mean SD of three replicate experiment

Table5. Robustness study of (15 ngml™)

S. No Change in wave | Absorbance Change in Temp. (0°) Absorbance
length (+2 nm)

1 520 0.591+0.001 At room temp. 0.529+0.004

2 522 0. 59140.003 Sun light at Morning 0.595+0.002

3 524 0.589+0.004 Refrigerator 0.599+0.003

Values are given in the table are mean SD of three replicate experiment

Sensitivity

The sensitivity of the developed analytical method was evaluated by determining the limit of detection (LOD) and limit
of quantification (LOQ) in accordance with the International Council for Harmonisation (ICH) guidelines. A standard
solution was prepared, and its absorbance was measured under optimized experimental conditions. The LOD values for
sulfamethoxazole were found to be 0.167 pg/mL and 0.250 pug/mL, indicating the method’s ability to detect the analyte
at very low concentration levels. Similarly, the LOQ values were determined to be 0.506 pg/mL and 0.759 pg/mL,
demonstrating that the method provides reliable and precise quantification even at trace concentrations. These results
confirm the high sensitivity of the proposed spectrophotometric method, supporting its suitability for routine analysis
and quality control of sulfamethoxazole. The detailed results are presented in Table 6.

Table6. Results of Sensitivity studies (LOD and LOQ)

S.No Parameter Present method
Intraday

1 LOD 0.167

2 LOQ 0.506
Interday

3 LOD 0.250
LOQ 0.759

Formulation Analysis

The absorbance of the tablet sample solution was measured at 525 nm under optimized experimental conditions. The
formulation analysis demonstrated that the developed method could accurately and reliably quantify sulfamethoxazole
in the pharmaceutical dosage form. The assay results indicated that more than 98% of the labeled amount of the active
ingredient was recovered, with an observed assay value of 99.85%, confirming excellent agreement with the labeled
claim. The analytical results obtained for the marketed formulation are presented in Table 7, while a comprehensive
summary of the analytical performance of the proposed method is provided in Table 8. These findings confirm the
suitability of the method for routine quality control analysis of sulfamethoxazole in pharmaceutical formulations.

Table7. Formulation results for Sulfamethoxazole (SMX)

S. No Drug Brand name | Label claim | Amount Amount found Yoassay
prepared
1. SMX GANTANOL | 400 mg 40 mg 39.94 +0.004 99.85
IJIRSET©2026 | AnISO 9001:2008 Certified Journal | 6205
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Table 8. Analytical performance data for the proposed methods

S.No Parameter Present method
1 Wavelength(nm) 525
2 Color Red-Purple
3 Linearity (ugml™) 5-30
4 Molar absorptivity I'! mole™! em! 1.502x10*
5 Shandell’s sensitivity (pgem") 0.0168
6 Regression Equation(y=mx+c) Y=0.0395x-0.0003
7 Slope (m) 0.0395
8 Intercept (c) 0.0003
9 Correlation Coefficient (r?) 0.9995
10 Intraday Precession
%RSD 0.678
11 Interday Precession
% RSD 0.785
12 Intraday
LOD(ugml™) 0.167
LOQ(pgml1) 0.506
13 Interday
LOD(pgml™) 0.250
LOQ(ugml™) 0.759

Procedure for Formulation Analysis

Procedure

Twenty pre-weighed, coated tablets containing sulfamethoxazole (SMX) were finely powdered. An accurately weighed
portion of the powder equivalent to 100 mg of SMX was transferred into a 100 mL volumetric flask and dissolved in
ethanol with continuous stirring for approximately 5 minutes. The resulting solution was filtered, and the filtrate was
evaporated to dryness. The residue was reconstituted with ethanol and diluted to volume in a 100 mL volumetric flask
to obtain Stock Solution. For further dilution, 10 mL aliquots of Stock Solution were transferred into separate 100 mL
volumetric flasks and diluted to volume with ethanol to obtain the working solution. Serial dilutions were subsequently
prepared in the concentration range of 5-30 pg/mL. The absorbance of these solutions was measured at 525nm, and the
obtained results were statistically evaluated. The reaction mechanism of sulfamethoxazole with ortho-
phenylenediamine is illustrated in Scheme 1.
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III. RESULTS AND DISCUSSION

A UV-Visible spectrophotometric method was successfully developed and validated for the quantitative determination
of sulfamethoxazole in tablet dosage forms in accordance with the International Council for Harmonisation (ICH)
guidelines (ICH Q2(R1), 2005). Purified water was used as the solvent system, and absorbance measurements were
recorded at 525 nm. Calibration curves were constructed for this method, and excellent linearity was observed over the
concentration ranges of 5-30 pg/mL. The calculated absorptivity values confirmed the sensitivity of the developed
methods within the selected wavelength regions. Accuracy was evaluated through recovery studies, which yielded
recovery values ranging from 98.90-99.96%. These values fall within the acceptable range of 98—102%, with relative
standard deviation (%RSD) values below 2%, confirming the accuracy and reliability of the proposed methods.
Precision was assessed in terms of repeatability (intra-day) and intermediate precision (inter-day). The %RSD values
for this were 0.678% (intra-day) and 0.785% (inter-day), respectively. These low %RSD values demonstrate excellent
repeatability and reproducibility of the analytical procedures. Ruggedness studies further confirmed the robustness of
the methods, with %RSD value is of 0.25 across six replicate measurements performed by different analysts. The
results indicate that minor variations in analytical conditions do not significantly affect method performance. Overall,
the developed spectrophotometric methods were found to be rapid, accurate, precise, and reproducible, making them
suitable for routine quantitative analysis of sulfamethoxazole in pharmaceutical formulations. The validation
parameters confirmed the reliability of the methods with respect to linearity, accuracy, precision, robustness, and
reproducibility.

IV. CONCLUSION

A simple, sensitive, and reliable UV—visible spectrophotometric method has been successfully developed and validated
for the quantitative determination of sulfamethoxazole in pharmaceutical dosage forms using ethanol as the solvent.
The proposed methods offer several advantages, including simplicity, cost-effectiveness, minimal sample preparation,
high precision, and excellent accuracy. The validated methods demonstrated compliance with ICH guidelines and were
proven to be suitable for routine quality control analysis in pharmaceutical laboratories. Owing to their robustness,
reproducibility, and analytical efficiency, the proposed methods can be effectively employed for the routine estimation
of sulfamethoxazole in bulk drugs and marketed formulations.
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