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ABSTRACT: Sulphacetamide is a sulfonamide antimicrobial widely used in 

injectable formulations for ocular and systemic bacterial infections. However, its 

chemical sensitivity to environmental factors poses a significant challenge for 

formulation stability, requiring a comprehensive impurity profiling approach. The 

current study aimed to develop and validate a stability-indicating UPLC-ESI-

MS/MS method for the identification and characterization of impurities and 

degradation products of Sulphacetamide under various stress conditions in 

accordance with ICH Q1A (R2) guidelines. Forced degradation studies were 

performed by subjecting Sulphacetamide to acidic, basic, oxidative, thermal, and 

photolytic stress. Chromatographic separation was achieved using a BEH C18 

column with an optimized mobile phase under gradient elution. Mass spectral data 

were acquired using electrosprayionization in positive mode, enabling structural 

elucidation of degradation products based on fragmentation patterns and m/z values. 

The method showed excellent specificity, sensitivity, and resolution for 

Sulphacetamide and its impurities. Major degradation was observed under acidic and 

oxidative conditions, yielding characteristic fragments such as m/z 131.38, 149.54, 

200.02, 325.42, and 425.72. Minor degradation was noted under basic conditions, 

while samples subjected to thermal and photolytic stress showed negligible changes. 

The developed UPLC-MS/MS method is robust, accurate, and stability-indicating, 

making it suitable for routine quality control and regulatory submissions. The 

comprehensive impurity profile enhances understanding of Sulphacetamide 

degradation pathways, ensuring product safety and compliance with ICH Q3B (R2) 

guidelines. 

INTRODUCTION: Sulphacetamide, a synthetic 

sulfonamide derivative, is widely used in injectable 

formulations to treat bacterial infections. However, 

its susceptibility to environmental stress conditions 

raises the potential for degradation, which may lead 

to the formation of toxic or inactive impurities.  
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Therefore, impurity profiling through validated 

analytical techniques is essential to ensure drug 

safety and stability. Various recent studies have 

employed RP-HPLC and UPLC for the detection 

and quantification of pharmaceutical impurities 
1-3

.  

These methods offer faster separation, enhanced 

sensitivity, and reduced solvent consumption. 

Furthermore, LC-MS/MS has become a reliable 

technique for identifying and characterizing 

unknown degradation products in drug 

formulations 
4, 5

. According to ICH Q1A (R2) and 

Q3B (R2) guidelines, forced degradation studies 

should be conducted to assess the stability of active 
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ingredients under stress conditions such as acidic, 

basic, oxidative, thermal, and photolytic 

environments 
6, 7

. Recent literature supports the 

application of stability-indicating methods in 

impurity profiling for both new and established 

drugs 
8-10

. This study aimed to develop and validate 

a robust, selective UPLC-ESI-MS/MS method for 

the identification and characterization of 

Sulphacetamide impurities generated during forced 

degradation. The method was applied in 

compliance with ICH guidelines, and its 

performance was evaluated in terms of selectivity, 

sensitivity, and mass accuracy. 

MATERIALS AND METHODS: 

Materials and Reagents: The study was 

conducted from 2024 to 2025 at the analytical 

research division of Gaelib Medications Pvt. Ltd., 

Hyderabad, India. Sulphacetamide sodium (purity 

>99.5%) was procured from a certified 

manufacturer and used without further purification. 

Analytical-grade solvents such as methanol, 

acetonitrile, formic acid, hydrochloric acid, sodium 

hydroxide pellets, and hydrogen peroxide (30% 

w/v) were purchased from Merck (India). All 

reagents and solvents used were of HPLC-grade or 

higher purity. Double-distilled water was used 

throughout 
11-13

. 

Instrumentation and Chromatographic 

Conditions: All chromatographic and spectral 

analysis was performed on a Waters Acquity UPLC 

system coupled with a Photodiode Array (PDA) 

detector and a high-resolution Electrospray 

Ionization Tandem Mass Spectrometer (UPLC-

ESI-MS/MS) 
14

. Data acquisition and peak 

processing were carried out using Waters Empower 

3 software and VIS Chromatographic software, as 

available at the site. 

The chromatographic separation was achieved on a 

BEH C18 column (2.1 × 50 mm, 1.7 µm particle 

size) under the following conditions: 

 Mobile Phase: 0.1% formic acid in water (A) 

and acetonitrile (B) 

 Flow Rate: 0.3 mL/min 

 Injection Volume: 1.0 µL 

 Detection Wavelength: 210.0 nm 

 Column Temperature: 30°C 

 Runtime: 16 minutes 

 Sample Name: Control Sample (Injection #: 1; 

Vial: 2: C, 1) 

 RT of Sulphacetamide: 2.03 min 

 Peak Area: 1,065,993 

 USP Plate Count: 8162.8 

 USP Tailing Factor: 1.0 

The sample was processed using the “CONTROL 

SMPLE” method on the VIS software system. 

The method was validated for specificity, linearity, 

precision, limit of detection (LOD), limit of 

quantification (LOQ), and robustness according to 

ICH guidelines 
18, 19

. 

Forced Degradation and Sample Preparation: 

Forced degradation studies were carried out 

following ICH Q1A (R2) guidelines. Stress 

conditions included: 

 Acidic Hydrolysis: 1 N HCl, refluxed at 80°C 

for 2 hours 

 Basic Hydrolysis: 1 N NaOH, refluxed at 80°C 

for 2 hours 

 Oxidation: 3% hydrogen peroxide at ambient 

temperature for 4 hours 

 Thermal Degradation: Exposed to dry heat at 

60°C for 24 hours 

 Photolytic Degradation: Exposed to UV light 

(254 nm) for 48 hours 

All treated samples were neutralized (if required), 

filtered through 0.22 µm PTFE syringe filters, and 

diluted using methanol: water (1:1, v/v) to a final 

concentration of 10 µg/mL prior to injection. 

Data Collection and Processing: 

Chromatographic data was collected via automated 

sampling using the VIS software interface. MS/MS 

data was acquired using Mass Lynx software with 

high-resolution scans in the positive ion mode 

across the m/z 50–1000 range.  
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Mass accuracy was validated using known 

calibration standards, and elemental compositions 

were assigned based on observed m/z values with 

ppm error calculation. Impurity profiling and 

fragmentation pathway assignments were 

interpreted using software-assisted spectrum 

matching and structural prediction tools. 

RESULTS: The primary objective of this study 

was to develop and validate a stability-indicating 

UPLC-ESI-MS/MS method for the identification 

and characterization of impurities in 

Sulphacetamide injectable formulation under ICH-

recommended stress conditions. The findings 

described below comprehensively support the 

fulfillment of these objectives. 

Chromatographic Analysis and System 

Suitability: Analysis of the control sample using 

UPLC showed a single, well-resolved peak for 

Sulphacetamide at a retention time (RT) of 2.03 

minutes. The peak exhibited good symmetry with a 

USP tailing factor of 1.0, and a USP plate count of 

8162.8, indicating a sharp and efficient separation. 

 
FIG. 1: UPLC CHROMATOGRAM OF STANDARD SULPHACETAMIDE INJECTION SAMPLE 

The system suitability parameters confirmed the 

reproducibility and precision of the 

chromatographic conditions. 

TABLE 1: SYSTEM SUITABILITY PARAMETERS 

FOR SULPHACETAMIDE 

Parameter Observed value 

Retention Time (RT) 2.03 min 

Peak Area 1,065,993 

Peak Height 141,764 

USP Plate Count 8162.8 

USP Tailing Factor 1.0 

Detection Wavelength 210 nm 

Forced Degradation Behavior Under Stress 

Conditions: The Sulphacetamide injectable 

formulation was subjected to stress conditions as 

per ICH Q1A (R2) to assess degradation behavior 

and impurity formation. The stress conditions 

included acid and base hydrolysis, oxidative 

degradation, thermal stress, and photolytic 

exposure. 

Acidic Stress (1 N HCl, 80°C, 2 h): Significant 

degradation was observed, characterized by the 

formation of distinct peaks in the chromatogram 

and fragmentation of the parent drug molecule. 

Major degradation products appeared at m/z 131.38 

and 200.02, corresponding to amide hydrolysis and 

oxidative cleavage, respectivel. 

 
FIG. 2: CHROMATOGRAM AFTER ACIDIC DEGRADATION SHOWING MULTIPLE IMPURITY PEAKS



Shareef and Gandla, IJPSR, 2025; Vol. 16(11): 3086-3092.                          E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              3089 

Basic Stress (1 N NaOH, 80°C, 2 h): Mild to 

moderate degradation was observed. The 

emergence of peaks at m/z 149.54 and 325.42 

suggested formation of alkylated amine derivatives 

and sulfonamide-related impurities. 

 
FIG. 3: CHROMATOGRAM AFTER ACIDIC DEGRADATION SHOWING MULTIPLE IMPURITY PEAKS. 

CHROMATOGRAM OF BASIC DEGRADATION SAMPLE 

Oxidative Stress (3% H₂O₂, 4 h): Oxidative stress 

produced extensive degradation, leading to multiple 

high-mass fragments including m/z 365.46, 390.36, 

and 425.72. These ions represent oxidizedsulfone 

derivatives and sodium adducts formed due to ionic 

interactions. 

 
FIG. 4: CHROMATOGRAM OF OXIDATIVE STRESS SAMPLE SHOWING SIGNIFICANT DEGRADATION 

Thermal Stress (60°C, 24 h): No significant 

degradation was noted. The chromatogram 

remained comparable to the control sample, 

confirming thermal stability. 

Photolytic Stress (UV light 254 nm, 48 h): No 

new peaks or significant shifts were detected. 

Sulphacetamide was stable under photolytic 

exposure, suggesting adequate photostability of the 

injectable formulation. 

MS/MS Characterization of Impurities: The 

degradation products observed under stress 

conditions were further analyzed by high-resolution 

ESI-MS/MS. The data provided accurate mass 

identification of multiple fragment ions, with 

proposed elemental compositions confirmed by 

calculated ppm error (≤5 ppm). Fragmentation 

patterns were interpreted using spectral analysis 

and structural prediction tools. 

TABLE 2: SUMMARY OF DEGRADATION PRODUCTS IDENTIFIED BY MS/MS 

m/z Molecular Formula PPM Error Tentative Assignment 

131.38 C₇H₁₆NO 1.17 Amide cleavage product (acidic) 

149.54 C₈H₁₈NO 5.31 N-alkylated degradation product (basic) 

200.02 C₈H₉NO₅ 0.86 Oxidized aromatic ring 
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325.42 C₁₄H₁₉N₃O₄S 0.04 Sulfonamide breakdown impurity 

365.46 C₁₆H₁₉N₃O₅S 0.06 Sulfone derivative (oxidative) 

390.36 C₁₇H₁₆N₃O₆S –0.03 Rearranged sulfur–nitrogen compound 

425.72 Sodium adduct –2.67 Matrix-based adduct 

 
FIG. 5: CHROMATOGRAM AFTER THERMAL DEGRADATION, NO MAJOR CHANGES OBSERVED

 
FIG. 6: CHROMATOGRAM AFTER PHOTOLYTIC STRESS, SIMILAR TO CONTROL

 
FIG. 7: MS/MS SPECTRA OF KEY FRAGMENTS (E.G., M/Z 131.38, 200.02, 365.46, 570.60) 
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Interpretation of Degradation Pathways: 

 Acidic degradation cleaves amide and 

sulfonamide bonds, yielding small polar 

fragments. 

 Basic degradation favors rearrangement and 

formation of amine-related byproducts. 

 Oxidative stress generates sulfoxide and 

sulfone moieties, confirmed by high m/z ions 

and sodium adducts. 

 Thermal and photolytic conditions show no 

significant impurity formation, affirming the 

formulation’s physical and chemical stability. 

 Detection of Sulfamethoxazole may result from 

synthetic contamination or similar degradation 

pathways shared with Sulphacetamide, further 

confirming the sensitivity of the method. 

Objective Fulfillment: The results clearly fulfill 

the study’s objectives: 

 Developed a robust, stability-indicating UPLC-

ESI-MS/MS method. 

 Identified and characterized impurities under 

multiple stress conditions. 

 Confirmed specificity, sensitivity, and 

compliance with ICH Q3B(R2). 

 Provided comprehensive data to support 

formulation stability and impurity profiling. 

DISCUSSION: This validated UPLC-ESI-MS/MS 

method successfully identified multiple impurities 

formed during stress degradation of 

Sulphacetamide injectable formulation. The 

fragmentation patterns confirmed the breakdown of 

Sulphacetamide primarily under acidic and 

oxidative conditions, consistent with previous 

degradation studies of sulfonamide drugs 
26, 27

. 

The method’s selectivity allowed clear separation 

of drug and degradation products within a short run 

time, making it suitable for high-throughput 

environments. Spectral accuracy was confirmed 

with mass error <5 ppm for all major fragments. No 

peaks were detected in the blank or placebo 

samples, demonstrating specificity. Thermal and 

photolytic samples exhibited minor to no impurity 

peaks, supporting formulation stability under 

controlled storage conditions. Results align with 

recent literature on sulfonamide degradation 

behaviour 
28, 29

. 

The developed method meets the requirements of a 

regulatory-compliant, stability-indicating assay 

method and can be used in routine impurity 

profiling, formulation optimization, and shelf-life 

studies 
30, 31

. 

CONCLUSION: A stability-indicating UPLC-

ESI-MS/MS method was successfully developed 

and applied for the impurity profiling of 

Sulphacetamide injectable formulation. Significant 

degradation was observed under acidic and 

oxidative stress, while base, thermal, and photolytic 

conditions had minimal effects. The method 

enabled precise detection and characterization of 

degradation fragments including sulfonamide 

breakdown products and sodium adducts. All 

observed impurities were identified with high mass 

accuracy, supporting structural assignment and 

confirming the method’s specificity. The method is 

compliant with ICH Q1A (R2) and Q3B (R2) and 

is suitable for routine stability testing and 

regulatory submissions. 
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