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ABSTRACT 

Sulphonamides, a class of synthetic antimicrobial agents, have been widely used in both 

human and veterinary medicine. However, their indiscriminate use has led to concerns about 

their presence in the environment and food chain, contributing to antibiotic resistance and 

potential health risks. Accurate detection and quantification of sulphonamides are crucial for 

monitoring their levels and ensuring food and environmental safety. This review provides an 

overview of the analytical approaches employed for the detection and quantification of 

sulphonamides, including chromatographic techniques, immunoassays, and emerging 

methods such as biosensors and molecularly imprinted polymers. The advantages, 

limitations, and recent advancements in each technique are discussed, along with future 

perspectives for improving sulphonamide detection and quantification methods. 

 

Keywords: Sulphonamides, Analytical approaches, Detection & quantification of 
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1. INTRODUCTION 

Sulphonamides, also known as sulfa drugs, are a group of synthetic antimicrobial agents that 

have been extensively used in clinical medicine and veterinary practice since their discovery 

in the 1930s. They act by inhibiting the synthesis of dihydrofolic acid, a precursor of folate, 

thus disrupting bacterial growth. Due to their broad spectrum of activity, sulphonamides have 

been employed in the treatment of various bacterial infections in humans and animals. 

However, their overuse and misuse have led to the emergence of antimicrobial resistance, 

posing a significant threat to public health. Moreover, the presence of sulphonamides in the 

environment, particularly in water bodies and agricultural products, has raised concerns about 

their potential adverse effects on ecosystems and human health. Therefore, there is a growing 

need for sensitive, selective, and reliable methods for the detection and quantification of 

sulphonamides in various matrices. 
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The mechanism of action of sulphonamides involves the inhibition of dihydropteroate 

synthase, a key enzyme in the bacterial folate synthesis pathway. By interfering with folate 

production, sulphonamides effectively inhibit bacterial growth and proliferation, making 

them valuable therapeutic agents against a wide range of bacterial pathogens. 

 

Over the years, numerous sulphonamide derivatives have been synthesized, each with unique 

pharmacokinetic properties and spectrum of antimicrobial activity. These derivatives include 

sulfadiazine, sulfamethoxazole, sulfadoxine, and sulfamethazine, among others. 

Sulphonamides are available in various formulations, including oral tablets, injectables, and 

topical creams, allowing for flexible dosing regimens and routes of administration. 

 

Despite their effectiveness in treating bacterial infections, the widespread use of 

sulphonamides has raised concerns about the development of antimicrobial resistance and the 

presence of drug residues in food products and the environment. The emergence of resistant 

bacterial strains poses a significant challenge to public health, necessitating prudent use of 

antibiotics and effective surveillance measures to monitor antimicrobial resistance patterns. 

 

Moreover, the presence of sulphonamide residues in food products, such as meat, milk, and 

eggs, has prompted regulatory authorities to establish maximum residue limits (MRLs) to 

ensure food safety and protect consumers from potential health risks associated with 

antibiotic residues. Analytical methods for the detection and quantification of sulphonamide 

residues in food and environmental samples play a crucial role in monitoring compliance 

with regulatory standards and safeguarding public health. 

 

In light of these considerations, there is a growing need for sensitive, selective, and reliable 

analytical techniques for the detection and quantification of sulphonamide residues in various 

matrices. This comprehensive review aims to explore the analytical approaches employed for 

sulphonamides detection, including chromatographic, spectroscopic, electrochemical, and 

immunoassay methods. By examining the principles, advantages, limitations, and recent 

advancements of each technique, this review seeks to provide insights into the current state-

of-the-art in sulphonamides analysis and identify future research directions in this field. 

 

 

 
Fig 1: Structure of Sulphonamides. 
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2. ANALYTICAL TECHNIQUES FOR SULPHONAMIDES 

DETECTION: 

Several analytical techniques have been developed for the detection and quantification of 

sulphonamides, ranging from traditional chromatographic methods to advanced biosensors 

and molecularly imprinted polymers (MIPs). Chromatographic techniques, including high-

performance liquid chromatography (HPLC) and liquid chromatography-mass spectrometry 

(LC-MS), are among the most commonly used methods due to their high sensitivity and 

specificity. HPLC coupled with ultraviolet (UV) or fluorescence detection allows for the 

simultaneous analysis of multiple sulphonamides in complex matrices. LC-MS offers 

enhanced sensitivity and selectivity, enabling the identification and quantification of 

sulphonamides at trace levels. Other chromatographic approaches, such as gas 

chromatography (GC) and thin-layer chromatography (TLC), have also been employed for 

sulphonamide analysis, albeit with certain limitations. And Hyphenated Techniques which 

offers enhances sensitivity as GC-MS, ICP-MS & LC-MS.  

 

            
                                                  Fig2: Several Analytical techniques. 

 

 

3. IMMUNOASSAYS FOR SULPHONAMIDES DETECTION:  

Immunoassays, based on the specific interaction between antibodies and antigens, have 

emerged as rapid and cost-effective alternatives for sulphonamide detection. Enzyme-linked 

immunosorbent assays (ELISAs) and lateral flow immunoassays (LFAs) are the most widely 

used immunoassay formats for sulphonamide analysis. These methods offer simplicity, speed, 

and portability, making them suitable for on-site testing applications. However, 

immunoassays may suffer from cross-reactivity with structurally similar compounds and 

require careful validation for reliable results. 
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4. EMERGING TECHNOLOGIES FOR SULPHONAMIDES 

DETECTION: 

Emerging technologies for the detection of sulphonamides residues are continually evolving 

to address the challenges associated with sensitivity, selectivity, speed, and portability. Some 

of the emerging technologies include: 

4.1 Nanotechnology-based Sensors: Nanomaterials, such as nanoparticles, nanotubes, and 

nanowires, are being incorporated into sensor platforms for the detection of sulphonamides. 

These nanomaterials offer high surface-to-volume ratios and unique optical, electrical, and 

catalytic properties, enabling sensitive and selective detection of target analytes. 

Nanotechnology-based sensors can detect low concentrations of sulphonamides with rapid 

response times, making them suitable for on-site monitoring applications. 

4.2 Microfluidic Devices: Microfluidic technology enables the manipulation of small volumes of 

fluids within microscale channels, offering advantages such as rapid analysis, low reagent 

consumption, and integration of multiple analytical functions into a single device. 

Microfluidic devices for sulphonamides detection incorporate miniaturized sample 

preparation, separation, and detection modules, enabling automated and high-throughput 

analysis of complex samples. 

4.3 Surface-enhanced Raman Spectroscopy (SERS): SERS is a powerful spectroscopic 

technique that provides enhanced signal intensities for molecules adsorbed on roughened 

metal surfaces or nanoparticles. SERS-based sensors for sulphonamides detection offer high 

sensitivity and specificity, enabling the detection of trace amounts of sulphonamides in 

complex matrices. By combining SERS with nanotechnology, portable and field-deployable 

sensors can be developed for rapid on-site analysis of sulphonamides residues. 

4.4 Electrochemical Biosensors: Electrochemical biosensors combine the specificity of 

biological recognition elements, such as enzymes or antibodies, with the sensitivity of 

electrochemical transducers to detect sulphonamides residues. These biosensors offer 

advantages such as rapid response times, low cost, and miniaturization, making them suitable 

for point-of-care testing and decentralized monitoring. Recent advancements in nanomaterials 

and bioconjugation techniques have led to the development of ultrasensitive and selective 

electrochemical biosensors for sulphonamides detection. 
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4.5 Mass Spectrometry Imaging (MSI): MSI is an emerging technique that enables the 

spatially-resolved analysis of molecular distributions in biological samples. MSI has been 

applied to the detection of sulphonamides residues in tissue samples, providing insights into 

the localization and metabolism of sulphonamides in vivo. By combining MSI with advanced 

imaging techniques, such as matrix-assisted laser desorption/ionization (MALDI) or 

secondary ion mass spectrometry (SIMS), comprehensive spatial maps of sulphonamides 

distribution can be generated with high sensitivity and resolution. 

These emerging technologies hold promise for the development of sensitive, selective, and 

portable devices for the detection of sulphonamides residues in various matrices. Continued 

research and innovation in sensor design, nanomaterials synthesis, and analytical methods 

integration are expected to drive further advancements in sulphonamides detection 

technology. 

 

5. CHALLENGES AND LIMITATIONS: 

Despite the advancements in analytical techniques for sulphonamide detection, several 

challenges and limitations persist. One major challenge is the complex matrix effect 

encountered in food and environmental samples, which can interfere with the accurate 

quantification of sulphonamides. Sample preparation techniques such as solid-phase 

extraction (SPE) and matrix solid-phase dispersion (MSPD) are often employed to overcome 

matrix effects and improve the sensitivity of analytical methods. However, these techniques 

may introduce additional variability and require optimization for different sample types. 

Another limitation is the lack of standardized methods and reference materials for 

sulphonamide analysis, hindering the comparability of results between studies and 

laboratories. Efforts to establish certified reference materials and proficiency testing 

programs are underway to address this issue and ensure the reliability of analytical data. 

Furthermore, the emergence of new sulphonamide derivatives and analogs presents 

challenges for method development and validation. As new compounds are synthesized and 

introduced into clinical practice or agriculture, analytical methods must be updated and 

validated to ensure their effectiveness in detecting these compounds. 

 

6. ENVIRONMENTAL AND HEALTH IMPLICATIONS:  

The widespread use of sulphonamides has raised concerns about their environmental impact 

and potential health risks. Residues of sulphonamides in water bodies, soil, and agricultural 

products can accumulate over time, leading to ecological disruption and human exposure 

through food consumption. Moreover, the presence of sulphonamides in the environment can 

contribute to the development of antimicrobial resistance, posing a serious threat to public 

health. 

Efforts to mitigate the environmental and health implications of sulphonamide contamination 

include regulatory measures, such as the establishment of maximum residue limits (MRLs) in 

food and water, and the promotion of responsible antibiotic use in clinical and veterinary 

practice. Analytical methods play a crucial role in monitoring compliance with regulatory 

standards and assessing the effectiveness of risk mitigation strategies. 
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7. FUTURE DIRECTIONS: 

Looking ahead, several areas warrant further research and development in the field of 

sulphonamide detection and quantification. One promising direction is the integration of 

multiple analytical techniques, such as chromatography and immunoassays, into hybrid 

platforms for enhanced sensitivity and selectivity. Combining the strengths of different 

methods can overcome individual limitations and provide comprehensive solutions for 

sulphonamide analysis in complex matrices. 

 

Moreover, the development of portable and miniaturized analytical devices holds great 

potential for on-site monitoring of sulphonamide residues in food and environmental samples. 

These devices could enable rapid screening and real-time detection of contamination, 

facilitating timely intervention and risk management measures. 

Additionally, there is a need for expanded surveillance programs to monitor the prevalence of 

sulphonamide residues in different geographical regions and sectors of food production. 

Long-term monitoring data can inform risk assessments and guide regulatory decisions to 

ensure the safety of food and water supplies. 

 

 

CONCLUSION AND FUTURE PERSPECTIVES  

Accurate detection and quantification of sulphonamides are essential for monitoring their 

presence in the environment and food chain, as well as for controlling their use in clinical and 

veterinary settings. The analytical approaches discussed in this review offer valuable tools for 

addressing these challenges, each with its unique advantages and limitations. Future research 

efforts should focus on improving the sensitivity, selectivity, and robustness of existing 

methods, as well as exploring novel technologies for sulphonamide detection. Additionally, 

standardization and harmonization of analytical protocols are needed to ensure the reliability 

and comparability of results across different laboratories and regions and by addressing 

current challenges and embracing emerging technologies, researchers can contribute to the 

development of robust methods for monitoring sulphonamide residues and mitigating their 

adverse effects on society and the environment.  
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