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Abstract. Depression is one of the most prevalent mental disorders encountered in clinical
practice, with an increasing prevalence year on year, resulting in a significant burden to both
individuals and society. The precise aetiology of depression remains uncertain, and the
prevailing treatment modality is pharmacological. The clinical use of first-generation
antidepressants, such as monoamine oxidase inhibitors and tricyclic antidepressants, is
constrained by their adverse effects, including cardiovascular and liver toxicity. Subsequently, a
fourth category of antidepressant medications emerged, exhibiting a reduced incidence of
adverse effects in comparison to tricyclic antidepressants. The current standard of care for
depression employs a range of antidepressant medications, including novel agents. It is important
to note that antidepressant drugs have certain side effects and that the pathogenesis of depression
remains an area of ongoing investigation. The urgent need for the development of more effective
antidepressant drugs with fewer side effects is clear. This article presents a review of the research
progress made in the field of antidepressant drugs, to provide a basis for the development of new
antidepressant drugs.
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1. Introduction

Depression is one of the most prevalent mental disorders in clinical practice. Its defining characteristics
include depressed mood, diminished interest or pleasure, and a lack of self-esteem or self-efficacy [1].
When left untreated, depression can have a profound impact on an individual's daily functioning and
overall quality of life. Globally, the prevalence of depression is increasing year by year, representing a
significant burden on both individuals and society. According to statistics from the World Health
Organization (WHO), approximately 322 million individuals worldwide are affected by depression.
Depression is projected to become the leading cause of non-fatal health loss by 2030, surpassing other
major health concerns [2]. The precise etiology of depression remains unclear. However, research
indicates that depression is the consequence of a complex interplay between environmental and genetic
factors. Other hypotheses include monoamine neurotransmitters and Hypothalamic-pituitary-adrenal
(HPA) axis dysfunction hypothesis, among others. The monoamine hypothesis postulates that a
deficiency of monoamine neurotransmitters, including serotonin, dopamine and norepinephrine, is the
underlying cause of clinical depression (Figure 1). Hyperactivity of the hypothalamic-pituitary-adrenal
(HPA) axis represents a significant pathophysiological mechanism underlying depression. A number of
hormones, including those secreted by the adrenal glands, the thyroid, and estrogen, play a role in
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regulating the HPA axis [3]. The current treatment of depression is primarily focused on the inhibition
of monoamine reuptake, thereby enhancing the bioavailability of monoamines within the central nervous
system. This has led to the development of monoamine oxidase inhibitors, including phenothiazine and
fluoxetine, among others. Tricyclic antidepressants, such as clomipramine and amitriptyline, have also
been employed in this context. In light of the aforementioned adverse effects, Traditional antidepressants,
newer antidepressants and drugs in clinical trials are presented, and their therapeutic mechanisms,
efficacy and side effects are discussed. The article introduced traditional antidepressants, newer
antidepressants, and clinical-stage medications, exploring their therapeutic mechanisms and efficacy, as
well as side effects. Research is underway to develop alternative pharmaceuticals that exhibit reduced
toxicity and enhanced efficacy.
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Figure 1. Monoamine neurotransmitter passing [4].

2. Traditional antidepressants
At present, the traditional antidepressants on the market are mainly divided into two types: monoamine
oxidase inhibitors and tricyclic antidepressants.

2.1. Monoamine oxidase inhibitors (MAOIs)

There are two main types of MAO genes in humans: MAO-A and MAO-B differ in terms of their
substrate affinity, inhibitor specificity, and tissue distribution [5]. Monoamine oxidase inhibitors
(MAOISs) represent one of the earliest classes of antidepressant medications developed to alleviate
depressive symptoms by modulating the chemical communication between neurotransmitters in the
brain. As is the case with the majority of antidepressant medications, MAOI ultimately contributes to
the onset of depressive brain chemical alterations. Monoamine oxidases are responsible for the clearance
of neurotransmitters, including norepinephrine, serotonin, and dopamine, from the brain. MAOIs have
the potential to impede this process, thereby enabling an increased number of neurotransmitters to
function within the cells and circuits that are affected by depression. Monoamine oxidase inhibitors can
be classified into two categories: early irreversible MAOIs and reversible MAOIs.

2.1.1. Irreversible monoamine oxidase inhibitors. In the early 1950s, researchers discovered that a
hydrazide derivative of the anti-tuberculosis drug plinide had antidepressant effects on tuberculosis
patients with depression [6]. This discovery marked the advent of MAOI as the first widely used,
efficacious antidepressant medication. Subsequently, in 1957, Nathan Kline published the inaugural
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account of the neuropsychiatric effects of Ipnidzad, characterizing it as a "spiritual stimulant”. In the
year following the publication of the report, over 400,000 individuals diagnosed with depression were
treated with the drug, known as iproniazid [7]. Following the discovery of its antidepressant properties,
iplinide was also found to inhibit the enzyme MAO, which is involved in the catabolism of serotonin,
norepinephrine, and dopamine. However, isoniazid was eventually removed from the market in the
United States due to its hypertensive crisis and hepatotoxicity.

Phenothiazines are a group of nitrogenous and sulfur-containing heterocyclic compounds that were
first synthesized in 1883 and subsequently became the first commercially available antipsychotic drugs
in the United States during the 1950s [8]. The precise mechanism of action exhibited by benzthiazide
remains unclear. It is understood, however, that benzthiazide exerts its effects primarily by inhibiting
the selective activity of dopamine receptors and D2 receptors in the midlimb pathway. This inhibition
can antagonize the hyperactivity of dopamine at synapses, thereby reducing the positive symptoms
associated with schizophrenia, including delusions and hallucinations [9]. Consequently, the follow-up
clinical trial is primarily employed for the treatment of schizophrenia.

2.1.2. Reversible monoamine oxidase inhibitors. MAO-B inhibitors have the capacity to selectively
inhibit the breakdown of both endogenous and exogenous dopamine, thereby prolonging the action time
of dopamine and consequently improving clinical symptoms. Additionally, preclinical studies have
demonstrated that MAO-B inhibitors possess neuroprotective properties and can impede the
advancement of the disease. Selegiline is an irreversible inhibitor of monoamine oxidase MAO-B. In
animal studies, the antidepressant effects of selegiline have been shown to be related to the enhancement
of hippocampal dopaminergic transmission and the prevention of synaptic plasticity damage [10].

MAO-A inhibitors are pharmaceutical agents that selectively inhibit MAO-A, primarily utilized for
the management of depressive disorders. Their pharmacological action involves reversible and selective
inhibition of MAO-A, prevention of the degradation of 5-HT and NE in the brain, and augmentation of
the concentration of 5-HT and NE in the synaptic cleft of the brain. Sertraline/biamine chloride
(moclobemide) is a selective monoamine oxidase (MAQO-A) inhibitor that increases the concentration
of norepinephrine (NE) and serotonin (5-HT) in synaptic spaces by inhibiting MAO-A, thereby reducing
depressive symptoms. The efficacy of moclobemide in the treatment of depression has been
corroborated by recent clinical trials and meta-analyses. Moclobemide has been demonstrated to exhibit
comparable efficacy to tricyclic antidepressants (TCAs), selective serotonin reuptake inhibitors (SSRIs),
and non-selective, irreversible MAO inhibitors [11]. The latest evidence corroborates and extends the
therapeutic efficacy of the drug, while also minimizing the potential for adverse effects.

2.2. Tricyclic antidepressants (TCAs)

TCAs are among the most commonly prescribed drugs for the treatment of depression. They exert their
therapeutic effect by inhibiting the reuptake of neurotransmitters, thereby increasing their concentration
in the synaptic cleft and enhancing their action.

Clomipramine, a TCA, is currently the only antidepressant with evidence of clinically relevant
inhibition of serotonin and norepinephrine reuptake (SNRI). The efficacy of chlorimipramine in the
treatment of depression has been corroborated by clinical trials [12].

Amitriptyline, a prototypical tricyclic antidepressant, received approval from the US Food and Drug
Administration for the management of major depression in 1961. Its principal mechanism of action is
the increase in brain levels of norepinephrine and serotonin, which alleviates the symptoms of
depression. The drug has been demonstrated to have a significant curative effect in the treatment of
depression and other diseases. However, there is also a risk of cardiac toxicity, overuse or abuse, which
may result in serious cardiac toxicity and even death [13].

In comparison to MAOIs, TCAs exhibit superior efficacy and allow for dosage adjustment. However,
they also present a higher incidence of adverse effects, increased risk of overdose, and a greater
propensity to interact with other pharmaceuticals.
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3. New antidepressants
In addition to monoamine oxidase inhibitors and tricyclic antidepressants, new antidepressant agents
targeting alternative pathways are emerging as a promising alternative.

3.1. Selective serotonin reuptake inhibitors(SSRIs)

The currently recognized antidepressant treatment is referred to as a "first-line drug," and includes
fluoxetine, fluvoxamine, sertraline, paroxetine, citalopram, and escitalopram. The initial five drugs were
famously designated the "five golden flowers" of antidepressants. By inhibiting the synapses cells of the
neurotransmitter serotonin reuptake in order to increase the extracellular can and postsynaptic receptor
serotonin levels. Fluoxetine is indicated for patients who experience a lack of motivation and a lack of
energy. It is preferred for patients who have a history of chronic cardiovascular disease. Sertraline is
preferred for children with a history of chronic cardiovascular disease. Paroxetine is preferred for
patients with higher levels of anxiety. Fluvoxamine is preferred for patients with depression and
obsessive-compulsive symptoms. Citalopram and escitalopram are preferred for patients taking warfarin
or multiple non-psychiatric drugs [14].

3.2. Selective serotonin. (5 - HT) and norepinephrine (NE) reuptake inhibitors (SNRIs)

The pharmacological action of SNRIs is primarily directed towards serotonin and norepinephrine, which
can be described as a "dual channel" effect. Venlafaxine is the representative drug, exhibiting a dual
channel role at high doses (150 mg/day or more) and a single channel function at low doses (75 mg/day),
with a comparable therapeutic effect to SSRIs. In clinical practice, a considerable number of patients
with depression present with a range of physical discomforts, including dizziness, headaches,
palpitations, and chest tightness. SNRIs have been demonstrated to significantly improve depression
accompanied by physical symptoms, particularly in the context of chronic pain [15].

3.3. Other new antidepressants

The noradrenergic and Serotonergic Antidepressants (NaSSA) prototype pharmaceutical agent is
mirtazapine. In addition to its efficacy in improving sleep, the drug has the potential to enhance appetite,
thereby addressing the issue of appetite loss in some patients [16]. Dopamine and norepinephrine
reuptake inhibitors (NDRIs) are also one of the mechanisms of action for antidepressant drugs. As the
representative drugs is Bupropion, which elevates mood to more normal levels. However, if the mood
is excessively elevated, it may progress to mania. Bupropion carries the lowest risk of mania but the
highest risk of depression.

In comparison to MAOIs and TCAs, the latest generation of antidepressants has a broader range of
indications, which not only treat various forms of depression but also have applications in the
management of a multitude of neurotic disorders. The medication has a lower incidence of adverse
effects and these are generally mild. The medication is considered safe and well-tolerated for elderly
patients and those with underlying physical illnesses. A long half-life allows for a more stable blood
drug concentration, reducing the frequency of drug use. These drugs are typically used on a daily basis,
which improves treatment adherence.

4. Clinical trials of pharmaceuticals
In addition to the aforementioned antidepressant drugs, there are several others that have been developed
and are currently in use in clinical settings. However, many of these drugs are still in the experimental
phase and have not yet been approved for use as antidepressants.

Brexanolone, an intravenous neurosteroid inhibitor, is a novel antidepressant under development as
a positive allosteric modulator that modulates the function of gamma-aminobutyric acid (GABAA)
receptors for the treatment of postpartum depression. A randomized, double-blind, placebo-controlled
trial design was employed to randomly assign patients with postpartum depression to receive
brexanolone or placebo and assess changes in depression over a 60-hour period. The results
demonstrated a notable reduction in depressive symptoms among the brexanolone cohort in comparison
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to the placebo group. Furthermore, the study revealed that the brexanolone treatment group exhibited a
low incidence of adverse events, with no instances of serious adverse events. The drug has provided a
solution to the dearth of specific treatments for postpartum depression. The efficacy of traditional
antidepressants in the treatment of postpartum depression is limited, whereas brexanolone, a novel
treatment method, has the characteristics of rapid onset and is capable of alleviating the severe negative
effects of postpartum depression on patients, infants and families to a greater extent than existing
treatments [17].

AXS-05 is an oral N-methyl-D-aspartic acid (NMDA)receptor antagonist and agonist, sigma-1 by
dextromethorphan (dextromethorphan) and ding bing nitrile (bropion). It has been demonstrated that
this compound inhibits CYP2D6, thereby increasing its bioavailability. The efficacy and safety of AXS-
05 in the treatment of major depressive disorder were also corroborated by the latest clinical trial, which
was a 6-week randomized, double-blind, active-controlled phase 2 trial conducted in four centers in the
United States from May 2018 to December 2018. The control group was tested using Ding Bing nitrile
(bropion), an approved antidepressant drug. In comparison to the control group, the AXS-05 group
exhibited a rapid and significant reduction in depressive symptoms, as evidenced by the results [18].

5. Conclusion

Depression represents a significant burden for patients in terms of their work and daily lives. Due to the
presence of low mood and somatic symptoms, patients frequently experience difficulties in
concentrating on their daily work and study, which in turn results in a decline in work efficiency and
academic performance. Concurrently, social withdrawal and a lack of interest can engender feelings of
solitude and helplessness, thereby exacerbating depressive symptoms. It is therefore imperative to
develop more efficacious antidepressants with fewer side effects. Depression research has made
significant progress in recent years, with the advent of new drugs such as Brexanolone and AXS-05,
which demonstrate a substantial therapeutic advantage over existing treatments. These drugs have been
demonstrated to have a significant impact on the alleviation of depressive symptoms, and also exhibit a
rapid onset of action, thereby enhancing the efficacy of treatment and the quality of life of patients. The
introduction of new drugs not only improves the efficacy of treatment, but also reduces the time and
cost of treatment, alleviates the burden of depression on patients and their families, and improves the
quality of life and work efficiency of patients. The future of depression drug research will continue to
explore a multitude of avenues, with a view to deepening our understanding of the neurobiological
mechanisms underlying depression, identifying new therapeutic targets and the development of more
efficacious drugs.

References

[1] Battle D. E. (2013). Diagnostic and Statistical Manual of Mental Disorders (DSM). CoDAS, 25(2),
191-192. https://doi.org/10.1590/s2317-17822013000200017

[2] Yang, L., Zhao, Y., Wang, Y., Liu, L., Zhang, X., Li, B., & Cui, R. (2015). The Effects of
Psychological Stress on Depression. Current neuropharmacology, 13(4), 494-504. https://doi.
org/10.2174/1570159x1304150831150507

[3] Zhou, L., Wang, T., Yu, Y., Li, M., Sun, X., Song, W., Wang, Y., Zhang, C., & Fu, F. (2022).
The etiology of poststroke-depression: a hypothesis involving HPA axis. Biomedicine &
pharmacotherapy=Biomedecine&pharmacotherapie, 151, 113146. https://doi.org/10.1016/j.
biopha.2022.113146

[4] Fries, G. R., Saldana, V. A., Finnstein, J., & Rein, T. (2023). Molecular pathways of major
depressive disorder converge on the synapse. Molecular psychiatry, 28(1), 284-297. https://
doi.org/10.1038/s41380-022-01806-1

[5] Shih, J. C., & Chen, K. (2004). Regulation of MAO-A and MAO-B gene expression. Current
medicinal chemistry, 11(15), 1995-2005. https://doi.org/10.2174/0929867043364757

208



[6]

[7]

[8]

[9]

[10]

[15]

[16]

[17]

[18]

Proceedings of the 4th International Conference on Biological Engineering and Medical Science
DOI: 10.54254/2753-8818/62/20241539

Otte, C., Gold, S. M., Penninx, B. W., Pariante, C. M., Etkin, A., Fava, M., Mohr, D. C., &
Schatzberg, A. F. (2016). Major depressive disorder. Nature reviews. Disease primers, 2,
16065. https://doi.org/10.1038/nrdp.2016.65

Loépez-Mufioz, F., & Alamo, C. (2009). Monoaminergic neurotransmission: the history of the
discovery of antidepressants from 1950s until today. Current pharmaceutical design, 15(14),
1563—-1586. https://doi.org/10.2174/138161209788168001

Pan, Z., Grovu, R. C., Cha, D. S., Carmona, N. E., Subramaniapillai, M., Shekotikhina, M., Rong,
C., Lee, Y., & Mclntyre, R. S. (2017). Pharmacological Treatment of Cognitive Symptoms in
Major Depressive Disorder. CNS & neurological disorders drug targets, 16(8), 891-899. https:
//doi.org/10.2174/1871527316666170919115100

Kim, D. H., Maneen, M. J., & Stahl, S. M. (2009). Building a better antipsychotic: receptor targets
for the treatment of multiple symptom dimensions of schizophrenia. Neurotherapeutics : the
journal of the American Society for Experimental NeuroTherapeutics, 6(1), 78—85. https://doi.
org/10.1016/j.nurt.2008.10.020

Ishikawa, T., Okano, M., Minami, A., Tsunekawa, H., Satoyoshi, H., Tsukamoto, Y., Takahata,
K., & Muraoka, S. (2019). Selegiline ameliorates depression-like behaviors in rodents and
modulates hippocampal dopaminergic transmission and synaptic plasticity. Behavioural brain
research, 359, 353-361. https://doi.org/10.1016/j.bbr.2018.10.032

Fitton, A., Faulds, D., & Goa, K. L. (1992). Moclobemide. A review of its pharmacological
properties and therapeutic use in depressive illness. Drugs, 43(4), 561-596. https://doi.org/10.
2165/00003495-199243040-00009

Burnand, Y., Andreoli, A., Kolatte, E., Venturini, A., & Rosset, N. (2002). Psychodynamic
psychotherapy and clomipramine in the treatment of major depression. Psychiatric services
(Washington, D.C.), 53(5), 585-590. https://doi.org/10.1176/appi.ps.53.5.585

McClure, E. W., & Daniels, R. N. (2021). Classics in Chemical Neuroscience: Amitriptyline.
ACS chemical neuroscience, 12(3), 354-362. https://doi.org/10.1021/acschemneuro.0c00467

Cipriani, A., Furukawa, T. A., Salanti, G., Chaimani, A., Atkinson, L. Z., Ogawa, Y., Leucht, S.,
Ruhe, H. G., Turner, E. H., Higgins, J. P. T., Egger, M., Takeshima, N., Hayasaka, Y., Imai,
H., Shinohara, K., Tajika, A., loannidis, J. P. A., & Geddes, J. R. (2018). Comparative efficacy
and acceptability of 21 antidepressant drugs for the acute treatment of adults with major
depressive disorder: a systematic review and network meta-analysis. Lancet (London,
England), 391(10128), 1357—-1366. https://doi.org/10.1016/S0140-6736(17)32802-7

Coutens, B., Yrondi, A., Rampon, C., & Guiard, B. P. (2022). Psychopharmacological properties
and therapeutic profile of the antidepressant venlafaxine. Psychopharmacology, 239(9), 2735—
2752. https://doi.org/10.1007/s00213-022-06203-8

Furukawa, T. A., Cipriani, A., Cowen, P. J., Leucht, S., Egger, M., & Salanti, G. (2019). Optimal
dose of selective serotonin reuptake inhibitors, venlafaxine, and mirtazapine in major
depression: a systematic review and dose-response meta-analysis. The lancet. Psychiatry, 6(7),
601-609. https://doi.org/10.1016/S2215-0366(19)30217-2

Kanes, S., Colquhoun, H., Gunduz-Bruce, H., Raines, S., Arnold, R., Schacterle, A., Doherty, J.,
Epperson, C. N., Deligiannidis, K. M., Riesenberg, R., Hoffmann, E., Rubinow, D., Jonas, J.,
Paul, S., & Meltzer-Brody, S. (2017). Brexanolone (SAGE-547 injection) in post-partum
depression: a randomised controlled trial. Lancet (London, England), 390(10093), 480—489.
https://doi.org/10.1016/S0140-6736(17)31264-3

Tabuteau, H., Jones, A., Anderson, A., Jacobson, M., & losifescu, D. V. (2022). Effect of AXS-
05 (Dextromethorphan-Bupropion) in Major Depressive Disorder: A Randomized Double-
Blind Controlled Trial. The American journal of psychiatry, 179(7), 490—499. https://doi.org/
10.1176/appi.ajp.21080800

209



