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ABSTRACT 

This review paper provides a comprehensive update on the advancements in chromatographic methods 

for the analysis of tricyclic antidepressants (TCAs), a class of medications widely used in the treatment 

of depression and other mood disorders. The paper discusses the evolution of chromatographic 

techniques, including gas chromatography (GC), high-performance liquid chromatography (HPLC), and 

ultra-performance liquid chromatography (UPLC), highlighting their respective advantages and 

limitations in the context of TCA analysis. Recent innovations such as the incorporation of mass 

spectrometry (MS) for enhanced sensitivity and specificity are also explored. The review further 

examines sample preparation methodologies, including solid-phase extraction (SPE) and liquid-liquid 

extraction (LLE), which play a critical role in achieving accurate quantification and detection. 

Additionally, the paper addresses the challenges associated with the complex matrix of biological 

samples, such as plasma and urine, and evaluates strategies for overcoming these obstacles. By 

synthesizing current research findings, this review aims to provide insights into the optimal selection and 

application of chromatographic techniques for TCA analysis, thereby supporting clinical and forensic 

investigations. 
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Introduction  

The field of analytical chemistry has witnessed remarkable advancements over the past few 

decades, particularly in the development and refinement of chromatographic methods [1]. These 

techniques have proven to be indispensable tools for the separation, identification, and 

quantification of complex mixtures of chemical compounds [2]. Among the myriad applications 

of chromatography, one critical area of focus is the analysis of pharmaceutical compounds, 

including tricyclic antidepressants (TCAs) [3]. Tricyclic antidepressants (Fig.1. notice the 3 

fused rings of imipramine) are a class of psychotropic drugs that have been widely used in the 

treatment of depression and other psychiatric disorders since their introduction in the 1950s [4]. 

Despite the emergence of newer classes of antidepressants, TCAs continue to hold clinical 

relevance due to their efficacy in certain patient populations and their use as second-line or 

adjunctive therapies [5]. As such, the accurate and reliable analysis of TCAs in biological fluids, 

pharmaceutical formulations, and environmental samples remains a topic of significant 

importance [7].  

 

 

 

 

 

Fig. 1. The chemical structure of imipramine 

Tricyclic antidepressants are characterized by their three-ring molecular structure and their 

pharmacological action as inhibitors of serotonin and norepinephrine reuptake [8]. This 

mechanism underpins their therapeutic efficacy but also contributes to their potential for toxicity 

and adverse effects, particularly when used in overdose situations [9]. The narrow therapeutic 

index of TCAs necessitates precise monitoring of their concentrations in biological systems to 

ensure both efficacy and safety [10]. Furthermore, given their widespread use over several 

decades, TCAs have become a subject of environmental concern due to their persistence and 
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potential impact on aquatic ecosystems [11]. These factors collectively underscore the need for 

robust analytical methods capable of detecting and quantifying TCAs with high sensitivity, 

specificity, and reproducibility [12]. Chromatographic techniques have emerged as the gold 

standard for TCA analysis due to their versatility and ability to handle complex matrices. Among 

these techniques, high-performance liquid chromatography (HPLC) and gas chromatography 

(GC) are the most commonly employed methods [13]. HPLC, often coupled with ultraviolet 

(UV), fluorescence, or mass spectrometric (MS) detectors, has been widely used for the 

quantification of TCAs in plasma, serum, urine, and other biological fluids [14]. Its high 

resolution, reproducibility, and adaptability to various sample types make it a preferred choice in 

both clinical and research settings [15]. Gas chromatography, although less frequently utilized 

for polar compounds like TCAs due to the need for derivatization, offers excellent separation 

efficiency and is often coupled with mass spectrometry for enhanced sensitivity and structural 

elucidation [16]. In recent years, advancements in chromatographic technology have led to the 

development of novel methodologies that address some of the limitations associated with 

traditional techniques [17]. Ultra-high-performance liquid chromatography (UHPLC), for 

instance, has gained prominence due to its ability to achieve faster separations with improved 

resolution and reduced solvent consumption [18]. Similarly, advancements in stationary phase 

materials have expanded the scope of chromatographic applications, enabling better separation of 

structurally similar compounds [19]. The integration of chromatographic techniques with 

advanced detection systems, such as tandem mass spectrometry (MS/MS) or high-resolution 

mass spectrometry (HRMS), has further enhanced the analytical capabilities for TCA analysis by 

providing unparalleled sensitivity and specificity [20]. In addition to these technological 

advancements, there has been a growing emphasis on method development and optimization to 

improve the efficiency, accuracy, and environmental sustainability of chromatographic analyses 

[21]. For instance, green chromatography has emerged as a significant area of interest, focusing 

on reducing the use of toxic solvents and minimizing waste generation [22]. Such approaches 

align with the principles of green chemistry and are particularly relevant in pharmaceutical 

analysis, where large volumes of organic solvents are traditionally employed [23]. The scope of 

chromatographic methods for TCA analysis extends beyond clinical and pharmaceutical 

applications [24]. Environmental monitoring has become an increasingly important area of 

research due to the detection of TCAs and their metabolites in wastewater, surface water, and 
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even drinking water [25]. These findings highlight the need for sensitive analytical methods 

capable of detecting trace levels of TCAs in complex environmental matrices [26]. The 

challenges associated with such analyses include sample preparation, matrix effects, and the need 

for high-throughput methods that can handle large sample volumes efficiently [27]. Despite the 

significant progress made in chromatographic methods for TCA analysis, several challenges 

remain [28]. Matrix complexity, co-elution of structurally similar compounds, and variability in 

sample preparation techniques can impact method performance and reproducibility [29]. 

Moreover, the dynamic nature of pharmaceutical research necessitates continuous updates to 

analytical methodologies to accommodate new formulations, metabolites, and emerging 

contaminants [30]. Addressing these challenges requires a multidisciplinary approach involving 

advancements in chromatography, detection technologies, sample preparation techniques, and 

data analysis tools [31].  

This review aims to provide an updated overview of the developed chromatographic methods for 

the analysis of tricyclic antidepressants. It will cover recent advancements in HPLC, GC, 

UHPLC, and other chromatographic techniques, with a focus on their applications in clinical, 

pharmaceutical, and environmental contexts. Special attention will be given to innovations in 

detection systems, sample preparation strategies, and green chromatographic approaches. By 

synthesizing the current state of knowledge in this field, this review seeks to highlight both the 

achievements and ongoing challenges in TCA analysis while offering insights into future 

directions for research and development. Through this comprehensive examination, we hope to 

contribute to the continued evolution of chromatographic methodologies that support safe and 

effective use of tricyclic antidepressants in both therapeutic and environmental settings. 

Chromatographic Methods for TCA Analysis 

Chromatographic techniques such as gas chromatography (GC), high-performance liquid 

chromatography (HPLC), ultra-performance liquid chromatography (UPLC), and thin-layer 

chromatography (TLC) have been extensively employed for TCA analysis. Each method has its 

own set of strengths and limitations, which are discussed below [31]. 
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1. Gas Chromatography (GC) 

Gas chromatography is a widely used technique for the separation and analysis of volatile and 

thermally stable compounds. For TCA analysis, GC is often coupled with detectors such as flame 

ionization detectors (FID) or mass spectrometry (GC-MS) to enhance sensitivity and selectivity 

[32]. 

Advantages 

High Sensitivity: GC provides excellent sensitivity, especially when coupled with mass 

spectrometry. 

Good Resolution: The technique offers high resolution, enabling the separation of closely related 

TCA analogs. 

Quantitative Precision: GC is known for its reproducibility and quantitative accuracy. 

Versatility: It can be used for both qualitative and quantitative analyses. 

Disadvantages 

Derivatization Requirement: TCAs are non-volatile and require derivatization prior to GC 

analysis, which adds complexity to the sample preparation process. 

Thermal Degradation: Some TCAs may degrade at high temperatures, limiting their suitability 

for GC analysis. 

Time-Consuming: The derivatization step increases the overall time required for analysis. 

2. High-Performance Liquid Chromatography (HPLC) 

 

HPLC is one of the most commonly used chromatographic techniques for TCA analysis due to 

its ability to handle non-volatile and thermally labile compounds. It employs a liquid mobile 

phase and a solid stationary phase for separation [32]. 
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Advantages 

Wide Applicability: HPLC can analyze a broad range of TCAs in various matrices, including 

plasma, serum, and urine. 

No Derivatization Required: Unlike GC, HPLC does not require derivatization of TCAs. 

High Sensitivity and Selectivity: When coupled with detectors like UV, fluorescence, or mass 

spectrometry (HPLC-MS), HPLC offers excellent sensitivity and selectivity. 

Automation: Modern HPLC systems are highly automated, reducing operator intervention. 

Disadvantages 

Cost: HPLC systems and consumables such as columns and solvents can be expensive. 

Long Analysis Time: Depending on the method used, HPLC can have longer run times 

compared to other chromatographic techniques. 

Complex Sample Preparation: Biological samples often require extensive preparation steps such 

as protein precipitation or liquid-liquid extraction. 

 

3. Ultra-Performance Liquid Chromatography (UPLC) 

UPLC is an advanced form of liquid chromatography that operates at higher pressures than 

traditional HPLC. This allows for faster separations with improved resolution and sensitivity 

[33-35]. 

Advantages 

Faster Analysis: UPLC significantly reduces run times compared to HPLC. 

Higher Resolution: The technique provides superior resolution due to smaller particle sizes in the 

stationary phase. 

Reduced Solvent Consumption: UPLC uses less solvent than HPLC, making it more cost-

effective in terms of operational expenses. 



International Journal of New Chemistry, 2025, 12 (3), 401-410                                   Mahnaz Qomi 

  
 

 407  

Improved Sensitivity: UPLC systems offer enhanced sensitivity, making them suitable for trace-

level analysis of TCAs. 

Disadvantages 

High Initial Cost: UPLC instruments are more expensive than traditional HPLC systems. 

Column Fragility: UPLC columns are more prone to damage due to their smaller particle sizes. 

Limited Compatibility: Not all traditional HPLC methods can be directly transferred to UPLC 

without method revalidation. 

4. Thin-Layer Chromatography (TLC) 

Description 

TLC is a simple and cost-effective chromatographic method that uses a stationary phase coated 

on a glass or plastic plate. It is often used as a preliminary screening tool for TCA analysis [36-

38]. 

Advantages 

Low Cost: TLC is inexpensive compared to other chromatographic techniques. 

Ease of Use: The method is straightforward and does not require complex instrumentation. 

Simultaneous Analysis: Multiple samples can be analyzed simultaneously on the same plate [39]. 

Disadvantages 

Limited Sensitivity: TLC lacks the sensitivity required for trace-level quantification of TCAs. 

Poor Quantitative Accuracy: The technique is primarily qualitative and less reliable for precise 

quantification. 

Labor Intensive: TLC requires manual application of samples and visual interpretation of results, 

which can be time-consuming [40]. 
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Conclusions and Future Perspectives 

In conclusion, the advancements in chromatographic methods for the analysis of tricyclic 

antidepressants (TCAs) have significantly enhanced the accuracy, sensitivity, and efficiency of 

their detection and quantification in various matrices. Techniques such as high-performance 

liquid chromatography (HPLC), ultra-performance liquid chromatography (UPLC), and gas 

chromatography (GC), often coupled with advanced detectors like mass spectrometry (MS), have 

emerged as indispensable tools in pharmaceutical quality control, clinical diagnostics, and 

toxicological studies. These methods have not only improved the reliability of TCA analysis but 

also contributed to better therapeutic monitoring and safety assessments. Despite these 

advancements, challenges such as matrix interference, time-consuming sample preparation, and 

the need for cost-effective approaches remain areas requiring further optimization. Future 

perspectives in this field should focus on the development of greener chromatographic methods 

that align with sustainable practices, such as the use of eco-friendly solvents and miniaturized 

systems. Additionally, integrating novel materials for stationary phases, such as molecularly 

imprinted polymers or nanomaterials, could further enhance selectivity and sensitivity. The 

application of artificial intelligence and machine learning in method development and data 

analysis also holds promise for improving efficiency and reducing human error. Furthermore, 

expanding the scope of these methods to include simultaneous analysis of TCAs with their 

metabolites or co-administered drugs could provide a more comprehensive understanding of 

pharmacokinetic and pharmacodynamic interactions. Overall, continued innovation in 

chromatographic techniques will play a critical role in addressing existing limitations and 

meeting the evolving demands of TCA analysis in various scientific and clinical domains. 
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