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ABSTRACT

This review article provides a comprehensive overview of the pharmacology of tricyclic antidepressants
(TCAs) and their analytical methods. Tricyclic antidepressants are a class of medications that have been
used for decades to treat various mental health conditions, including depression, anxiety, and obsessive-
compulsive disorder. The article discusses the pharmacological mechanisms of TCAs, including their
effects on neurotransmitter systems such as serotonin, norepinephrine, and dopamine. Additionally, the
review covers the pharmacokinetics and pharmacodynamics of TCAs, including their metabolism,
distribution, and excretion in the body. Furthermore, the article delves into the analytical methods used
to detect and quantify TCAs in biological samples, such as chromatography, mass spectrometry, and
immunoassays. The review also explores the challenges and advancements in TCA analysis, including
the development of more sensitive and selective analytical techniques. Overall, this review aims to
provide a comprehensive understanding of the pharmacology of TCAs and the analytical methods used

to study these important medications.
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Introduction

Tricyclic antidepressants (TCAs, see the three fused rings in Fig.1.) are a class of medications
that have been used for decades to treat depression [1]. Depression is a common and serious
medical illness that negatively affects how you feel, think, and act. It causes feelings of sadness
and/or a loss of interest in activities once enjoyed [2]. It can lead to a variety of emotional and

physical problems and can decrease a person’s ability to function at work and at home.
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Fig.1. The chemical structure of clomipramine (notice the 3 fused rings)

Tricyclic antidepressants work by increasing the levels of certain neurotransmitters in the brain,
particularly norepinephrine and serotonin [3]. By doing so, they help to improve mood, relieve
anxiety, and increase energy levels [4]. TCAs are often prescribed when other antidepressants
have not been effective, or when a person has had previous positive experiences with these
medications [5]. There are several different tricyclic antidepressants available, each with its own
unique chemical structure and slightly different effects. Some common examples include
amitriptyline, nortriptyline, imipramine, and desipramine (Fig. 2) [6]. These medications are
typically taken in the form of tablets or capsules, and the dosage is carefully monitored and
adjusted by a healthcare professional to ensure the best possible outcome for the individual [7].
In addition to depression, tricyclic antidepressants may also be used to treat other conditions
such as chronic pain, anxiety disorders, and certain types of sleep disorders [8]. However, it is
important to consult with a healthcare professional to determine the most appropriate course of
treatment for each individual’s specific needs [9]. The determination of tricyclic antidepressants

is of utmost importance for several reasons.




International Journal of New Chemistry, 2025, 12 (1), 87-96 Ali Behnia

First and foremost, the accurate determination of tricyclic antidepressants is crucial for ensuring
the safety and well-being of patients [10]. TCAs can have potentially serious side effects and
interactions with other medications, so it is essential for healthcare providers to be able to
accurately measure the levels of these drugs in a patient's system [11]. This information can help
to guide treatment decisions and prevent adverse reactions [12]. Furthermore, the determination
of tricyclic antidepressants is important for monitoring patient compliance and adherence to
prescribed medication regimens [13]. By measuring TCA levels in a patient's blood or urine,
healthcare providers can assess whether the patient is taking the medication as directed [13]. This
can be particularly important in cases where non-adherence to medication regimens may be
contributing to a patient's lack of improvement or worsening symptoms [14]. In addition, the
determination of tricyclic antidepressants plays a crucial role in forensic toxicology and drug
testing [14]. In cases where drug overdose or poisoning is suspected, the ability to accurately
measure TCA levels can provide valuable evidence for medical examiners and law enforcement
officials. Similarly, drug testing programs may use TCA determination to screen for the presence
of these medications in individuals who are subject to monitoring for substance abuse. From a
research perspective, the determination of tricyclic antidepressants is important for advancing
our understanding of these medications and their effects on the body [15]. By accurately
measuring TCA levels in clinical trials and other research studies, scientists can gain insights
into how these drugs are metabolized, how they interact with other substances, and how they
affect different patient populations [16]. This information can ultimately lead to improvements in
the development and use of tricyclic antidepressants [17]. Overall, the determination of tricyclic
antidepressants is a critical aspect of modern healthcare and pharmacology [18]. From ensuring
patient safety and monitoring compliance to supporting forensic investigations and advancing
scientific knowledge, the ability to accurately measure TCA levels has far-reaching implications
for both clinical practice and research efforts. As technology continues to advance, it is important
for healthcare providers, researchers, and regulatory agencies to stay abreast of the latest
methods and best practices for determining tricyclic antidepressants in order to optimize patient
care and public health outcomes [18]. Therefore, in this review paper we will have a closer look

in details on the pharmacology of TCAs and their determination methods.
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Fig. 2. The chemical structures of most commonly prescribed TCAs

Pharmacology of TCAs

Tricyclic antidepressants (TCAs) are a class of medications that were first developed in the

1950s and have since been widely used in the treatment of depression and other psychiatric

disorders [19]. The pharmacology of TCAs is complex and involves their interaction with
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multiple neurotransmitter systems in the brain [20]. One of the primary mechanisms of action of
TCAs is their ability to block the reuptake of neurotransmitters such as serotonin and
norepinephrine [20]. By inhibiting the reuptake of these neurotransmitters, TCAs increase their
levels in the synaptic cleft, leading to enhanced neurotransmission [21]. This is believed to be
one of the key ways in which TCAs exert their antidepressant effects. In addition to their effects
on serotonin and norepinephrine, TCAs also interact with a number of other neurotransmitter
systems in the brain [22]. For example, TCAs have been shown to block the action of
acetylcholine, which may contribute to some of their side effects such as dry mouth and
constipation [23]. TCAs also have affinity for histamine receptors, which may contribute to their
sedating effects. The pharmacokinetics of TCAs can vary widely between different drugs in this
class. Some TCAs are rapidly absorbed after oral administration, while others have more delayed
absorption [24]. The plasma half-lives of TCAs also vary, with some drugs having relatively
short half-lives and others having longer half-lives that necessitate less frequent dosing [25].
TCAs are metabolized by the liver, primarily through the cytochrome P450 system. This means
that they have the potential to interact with a wide range of other medications that are
metabolized by the same enzymes [26]. Careful consideration should be given to potential drug
interactions when prescribing TCAs, particularly in patients who are taking multiple medications
[27]. One of the challenges associated with the use of TCAs is their side effect profile. Common
side effects of TCAs include dry mouth, constipation, blurred vision, urinary retention, and
sedation. These side effects are largely due to the anticholinergic and antihistaminergic effects of
TCAs, and can be particularly problematic in elderly patients [28]. Another important
consideration when using TCAs is their potential for cardiac toxicity. TCAs can prolong the QT
interval on an electrocardiogram, which can lead to potentially life-threatening arrhythmias [29].
This risk is particularly relevant in patients with preexisting cardiac conditions, and careful
monitoring of cardiac function is necessary when using TCAs [30]. Despite these challenges,
TCAs continue to be an important class of medications in the treatment of depression and other
psychiatric disorders [30]. Their efficacy in treating depression has been well established through
numerous clinical trials, and they remain a valuable option for patients who do not respond to
other classes of antidepressant medications [31]. In conclusion, the pharmacology of tricyclic
antidepressants is complex and involves their interaction with multiple neurotransmitter systems

in the brain. While they have a well-established efficacy in the treatment of depression, their use
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is associated with a range of side effects and potential risks that need to be carefully considered
when prescribing these medications. Ongoing research into the pharmacology of TCAs may lead
to the development of safer and more effective treatments for depression and other psychiatric

disorders in the future.

The aforementioned pharmacology profile is confirmed in most TCAs except trimipramine.
Trimipramine is a tricyclic antidepressant (TCA) that exhibits a unique pharmacological profile
compared to other TCAs [31]. It is primarily used in the treatment of major depressive disorder
and has also been found to be effective in managing anxiety disorders[32]. One of the key
differences between trimipramine and other TCAs is its relatively higher affinity for histamine
H: receptors, which contributes to its sedative effects. This sedative property can be beneficial
for patients who also suffer from insomnia or agitation, but it may also lead to increased daytime
drowsiness [33]. In addition to its histamine H1 receptor affinity, trimipramine also demonstrates
a relatively higher affinity for serotonin 5-HT> receptors compared to other TCAs [34]. This may
contribute to its anxiolytic effects and could be particularly beneficial for patients with comorbid
anxiety symptoms [35]. Furthermore, trimipramine exhibits moderate affinity for adrenergic al
receptors, which may contribute to its anticholinergic and orthostatic hypotension effects. Unlike
some other TCAs, trimipramine is primarily metabolized by the cytochrome P450 enzyme
CYP2D6, with minor contributions from CYP2C19 and CYP3A4. This metabolism pathway can
lead to potential drug-drug interactions, particularly with inhibitors or inducers of CYP2D6 [35].
Clinicians should be mindful of this when prescribing trimipramine alongside other medications
that may impact CYP2D6 activity [36]. Furthermore, trimipramine exhibits a relatively longer
half-life compared to other TCAs, ranging from 15 to 40 hours. This prolonged half-life may
necessitate a longer washout period when transitioning to or from other psychotropic
medications to prevent potential drug interactions or adverse effects [37]. In terms of adverse
effects, trimipramine shares common side effects with other TCAs, such as anticholinergic
effects (e.g., dry mouth, constipation, blurred vision), sedation, weight gain, and potential
cardiotoxicity [38]. However, due to its unique pharmacological profile, trimipramine may have
a different tolerability and side effect profile compared to other TCAs, making it a valuable
option for patients who do not respond well to or experience intolerable side effects from other

antidepressants [39]. In conclusion, trimipramine possesses distinct pharmacological
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characteristics that set it apart from other TCAs. Its unique receptor affinities, metabolism
pathway, and prolonged half-life contribute to its specific therapeutic effects and potential for
drug interactions. Understanding these differences is crucial for clinicians when considering

trimipramine as a treatment option for patients with depression or anxiety disorders.
Available Analytical Approaches for Detection of TCAs

Tricyclic antidepressants (TCASs) are a class of medications used to treat depression and other
mood disorders. Due to their potential for toxicity and overdose, it is important to accurately
determine the levels of these drugs in biological samples [40]. Several analytical techniques have
been developed for this purpose, each with its own advantages and limitations. One commonly
used technique for the determination of TCAs is high-performance liquid chromatography
(HPLC) [41]. This method separates the components of a mixture based on their interactions
with a stationary phase and a mobile phase. HPLC is highly sensitive and can detect TCAs at low
concentrations, making it suitable for clinical and forensic applications [41]. However, it requires
expensive equipment and trained personnel, which may limit its accessibility in some settings.
Gas chromatography (GC) is another powerful tool for TCA analysis [42]. In this technique, the
sample is vaporized and injected into a column, where the components are separated based on
their volatility [42]. GC is known for its high resolution and ability to analyze volatile
compounds, but it may not be suitable for all TCAs due to their limited volatility. In recent years,
liquid chromatography-mass spectrometry (LC-MS) has emerged as a popular choice for TCA
determination [43]. This hybrid technique combines the separation capabilities of HPLC with the
detection power of mass spectrometry. LC-MS offers high sensitivity, specificity, and versatility,
allowing for the simultaneous analysis of multiple TCAs in complex matrices [44]. Another
important analytical technique for TCA determination is immunoassay [45]. This method relies
on the specific binding of an antibody to a TCA molecule, enabling its detection and
quantification. Immunoassays are rapid, cost-effective, and well-suited for high-throughput
analysis [46]. However, they may lack the required sensitivity and specificity for certain TCAs,
leading to potential false-positive or false-negative results. In addition to chromatographic and
immunochemical methods, capillary electrophoresis (CE) has shown promise for TCA analysis
[47]. CE separates charged molecules based on their electrophoretic mobility in a narrow
capillary filled with an electrolyte solution. This technique offers rapid analysis, high resolution,
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and minimal sample consumption, making it an attractive alternative to traditional

chromatography [48].

It is important to note that the choice of analytical technique should be based on the specific
requirements of the analysis, including the nature of the sample, the target TCAs, and the desired
sensitivity and selectivity. Furthermore, method validation and quality control are essential to
ensure the reliability and accuracy of TCA measurements. In conclusion, a variety of analytical
techniques are available for the determination of tricyclic antidepressants, each with its own
strengths and limitations. Researchers and clinicians should carefully consider these factors when
selecting the most appropriate method for their specific applications. Continued advancements in
analytical technology will likely lead to further improvements in TCA determination, ultimately

benefiting patient care and public health.
Conclusions and Future Perspectives

In conclusion, the pharmacology of tricyclic antidepressants (TCAs) is complex and
multifaceted, with a wide range of effects on neurotransmitter systems and receptors. These
drugs have been shown to be effective in the treatment of depression, anxiety disorders, and
chronic pain conditions. However, their use is also associated with a number of side effects and
potential risks, including cardiotoxicity and overdose. Future perspectives in this field include
the development of novel TCA formulations with improved pharmacokinetic and
pharmacodynamic profiles, as well as the identification of biomarkers that can help predict
individual patient responses to these drugs. Additionally, further research is needed to better
understand the mechanisms underlying TCA-induced side effects and to develop strategies for
minimizing their impact. From an analytical perspective, future research should focus on the
continued refinement and validation of analytical methods for the quantification of TCAs and
their metabolites in biological samples. This includes the development of sensitive and selective
techniques that can accurately measure drug concentrations in various matrices, as well as the
investigation of potential drug-drug interactions and the impact of genetic polymorphisms on
TCA metabolism. Overall, the pharmacology of TCAs and their analytical methods continue to
be important areas of research with significant clinical implications. By furthering our

understanding of the pharmacological properties of these drugs and improving our ability to
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measure their concentrations in biological samples, we can ultimately enhance their therapeutic

potential while minimizing associated risks.

References

1.

2.

3.

4.

5.

6.

7.

8.

9.

J. L. Jackson, Bmj., 2010, 341 (2010).

I. M. Anderson, Journal of affective disorders., 58, 19 (2000).

L. E. Hollister, New England Journal of Medicine., 299, 1106 (1978).

M. V. Rudorfer, W. Z. Potter. Cellular and molecular neurobiology., 19, 373 (1999).
T. A. Furukawa, H. McGuire, C. Barbui. Bmj., 325, 991 (2002).

P. M. Hartmann, Am. Fam. Phys. 59, 159 (1999).

T. de Boer, J. Clin. Psychiatry 57 (Suppl. 4), 19 (1996).

S. A. Anttila and E. V. Leinonen, CNS Drug Rev. 7, 249 (2001).

T. de Boer, F. Nefkens, and A. van Helvoirt, Eur. J. Pharmacol. 253, R5 (1994).

10. T. de Boer, G. Maura, M. Raiteri, C. de Vos, J. Wieringa, and R. Pinder, Neuropharmacol. 27,

11.

12.

13.

14.

15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.

399 (1988).

K. J. Holm and A. Markham, Drugs 57, 607 (1999).

G. S. Ruigt, B. Kemp, C. M. Groenhout, and H. A. Kamphuisen, Eur. J. Clin. Pharmacol. 38, 551

(1990). F. F. Zhang, L. L. Gan, and C. H. Zhou, Bioorg. Med. Chem. Lett. 20, 1881 (2010).
A. Gluszynska, Eur. J. Med. Chem. 94, 405 (2009).
A. Chakraborty, C. Saha, G. Podder, et al., Phytochemistry 38, 787 (1995).

J. R. Swanson, et al., J Forensic Sci., 42, 335 (1994).

J. C. Nelson, J Clin Psychiatry., 45, 10 (1984).

A. Ghanizadeh, Curr Drug Saf., 8, 169 (2013).

D. S. Janowsky B. Byerley J Clin Psychiatry. 45, 3 (1984).
R. O. Friedel, J Clin Psychiatry., 45, 46 (1984).

J. F. Rosenbaum, J Clin Psychiatry. 45, 17 (1984).

F. R. Sallee, Clin Pharmacokinet., 18(5), 346 (1990).

L. Hearn, et al., Cochrane Database Syst Rev., 2, 10 (2014).
D. Healy, C. Whitaker, J Psychiatry Neurosci., 28, 5 (2003).
N. Perroud, CNS Drugs., 25, 459 (2011).

Y. Wang, H. Xu, J. Zhang, G. Li, Sensors., 8, 2043 (2008).
F. M. Alipour, etal., Int J New Chem., 10, 197 (2023).

B. J. Privett, et al., Anal Chem., 82, 4723 (2010).




International Journal of New Chemistry, 2025, 12 (1), 87-96 Ali Behnia

28. F. Wei, Y. Lin, Y. Wu, X. Sun, L. Liu, P. Zhou, Q. Hu, Anal. Methods., 6, 482 (2014).

29. S. A. Ozkan, B. Dogan, B. Uslu, Microchim. Acta., 153, 27 (2006).

30. B. Nigovic, A. Mornar, M. Sertic, Microchim. Acta., 183, 1459 (2016).

31. B. Nigovic, J. Spajic, Talanta., 86, 393 (2011).

32. M. A. El-Shal, Adv. Pharm. Bull., 3, 339 (2013).

33. M. Nebsen, C. M. EI-Maraghy, H. Salem, S. M. Amer, Anal. Bioanal. Electrochem., 8, 51 (2016).

34. R. Valarmati, S. Akilandeswari, C. S. Dhivya dhharshini, S. Farishabanu, R. Senthamarai, Int. J.
Parm. Chem. Sci., 3, 197 (2013).

35. A. Bahrami, S. Seidi, T. Baheri, M. Aghamohammadi, Superlattice. Microst., 64, 265 (2013).

36. S. Kumer, M. Ebrahimikia, M. Yari, Int. J. New. Chem., 7, 74 (2020).

37. M. R. Jalali Sarvestani, R. Ahmadi, J. Water. environ. Nanotechnol., 4, 48 (2019).

38. G. D. Sayles, C. M. Acheson, M. J. Kupferle, Y. Shan, Q. Zhou, J. R. Meier, L. Chang, and R. C.
Brenner, Environ. Sci. Technol. 33, 4310 (1999).

39. J. W. Talley, U. Ghosh, S. G. Tucker, J. S. Furey, and R. G. Luthy, Environ. Sci. Technol. 36,
477 (2002).

40. S. N. Chen, H. Yin, and J. Chang, J. Hazard. Mater. 321, 9 (2017).

41. S. N. Chen, H. Yin, S. Y. Tang, H. Peng, and Z. Dang, Bioresour. Technol. 24, 26 (2016).
42. N. Nader, R. Bikas, M. Emami, M. Siczek, and T. Lis, Polyhedron 111, 167 (2016).

43. Y. Xie, J. Wang, M. Wang, and X. Ge, J. Hazard. Mater. 297, 66 (2015).

44. B. Ajdari, T. Madrakian, A. Afkhami, Int. J. New. Chem., 11, 270 (2024)

45, F. Akbari Lasboo, M. Karimian, F. Movahed, N. Ghoreishi Amin, Int. J. New. Chem., 11, 1
(2024).

46. P. Niknam Rad, F. Ashtari Mahini, Int. J. New. Chem., 11, 424 (2024).
47. S. Abrahi Vahed, F. Hemmati Tirabadi, Int. J. New. Chem., 10, 288 (2023).

48. M. Akbar, M. Manoochehri, A. Alihosseini, 10, 53 (2023).

HOW TO CITE THIS ARTICLE

Ali Behnia, “A Comprehensive Review on the Pharmacology of Tricyclic Antidepressants and
their Analytical Methods” International Journal of New Chemistry., 2025; 12(1), 87-96. DOI:
10.22034/ijnc.2024.715835




