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persistent sadness, loss of interest, and cognitive and physical

disturbances. Despite the availability of several antidepressant

drugs such as SSRIs, SNRIs, TCAs, and MAOIs, many patients

experience delayed response, adverse effects, or treatment
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resistance. Therefore, the search for new therapeutic strategies

scaffold containing nitrogen and sulfur atoms, has long been

used in medicinal chemistry, particularly for antipsychotic and

antihistaminic drugs. Recent studies suggest that certain
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dopamine, serotonin, and norepinephrine. This review
highlights the neurobiology of depression, structural features

and synthesis of phenothiazine, structure—activity relationships, mechanisms contributing to
antidepressant effects, and preclinical evaluation models. It also discusses the current clinical
status and future prospects of phenothiazine-based compounds in antidepressant drug

development.
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INTRODUCTION

1. OVERVIEW OF DEPRESSION

Depression, clinically referred to as Major Depressive Disorder (MDD), is a chronic,
recurrent, and potentially life-threatening psychiatric disorder characterized by persistent low
mood, anhedonia, cognitive impairment, and somatic disturbances.!! It is distinct from
transient emotional responses to stress, as it involves sustained alterations in mood,
motivation, behavior, and neurobiological function that significantly impair social and

occupational performance.?

Depression is one of the most prevalent psychiatric disorders worldwide and constitutes a
major contributor to the global burden of disease.®! According to the World Health
Organization (WHO), approximately 280 million people globally are affected by depressive
disorders, with an estimated point prevalence of around 3-5% in the general population. The
disorder affects individuals across all age groups, cultures, and socioeconomic strata, with
consistently higher prevalence observed among women compared to men.!! Epidemiological
findings from the Institute for Health Metrics and Evaluation through the Global Burden of
Disease (GBD) study further demonstrate that depressive disorders rank among the leading
causes of years lived with disability (YLDs) worldwide. Lifetime prevalence estimates range
between 10-20% in many countries, while 12-month prevalence rates typically range from 5—
7%. Regional variations exist, influenced by cultural, economic, and healthcare-related
factors; however, underdiagnosis and substantial treatment gaps remain major concerns,
particularly in low- and middle-income countries. Collectively, these data underscore the
widespread and persistent public health impact of depression at a global level.”
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Fig.1:- Sign of Depression.
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Clinically, depression is characterized by a constellation of emotional, cognitive, behavioral,
and physical symptoms. Core features include persistent sadness, loss of interest or pleasure
(anhedonia), fatigue, sleep disturbances, appetite changes, impaired concentration, feelings of
worthlessness, psychomotor alterations, and recurrent thoughts of death.!® The disorder may
present in episodic or chronic forms and can vary in severity from mild to severe with
psychotic features.”? Depressive disorders present in several subtypes, including major
depressive disorder, persistent depressive disorder (dysthymia), bipolar depression,
seasonal affective disorder, and postpartum depression.®!

The etiology of depression is multifactorial, involving complex interactions between genetic
vulnerability, environmental stressors, and neurobiological dysregulation.!! Family and twin
studies indicate a significant hereditary component, while psychosocial stress, trauma,
chronic illness, and substance abuse act as precipitating factors.!®™! Neurobiologically,
depression has long been associated with the monoamine hypothesis, which proposes that
deficiencies in neurotransmitters such as serotonin (5-HT), norepinephrine (NE), and
dopamine (DA) contribute to depressive symptomatology. However, contemporary research

suggests that depression extends beyond simple neurotransmitter imbalance.[* %!

Emerging evidence highlights the involvement of hypothalamic—pituitary—adrenal (HPA) axis
hyperactivity, neuroinflammation, oxidative stress, mitochondrial dysfunction, and impaired

401 Reduced levels of brain-derived

neuroplasticity in the pathogenesis of depression.
neurotrophic factor (BDNF) and hippocampal atrophy have been observed in depressed
individuals, supporting the neurotrophic hypothesis.l'! Additionally, alterations in
glutamatergic and GABAergic signaling pathways have gained attention as novel therapeutic
targets.™*"!

Despite the availability of multiple antidepressant classes—including selective serotonin
reuptake inhibitors (SSRIs), serotonin—norepinephrine reuptake inhibitors (SNRIs), tricyclic
antidepressants (TCASs), and monoamine oxidase inhibitors (MAOIs)—treatment outcomes
remain suboptimal.™® A significant proportion of patients exhibit delayed therapeutic
response, incomplete remission, or treatment resistance.™ ! Furthermore, conventional
antidepressants are associated with adverse effects such as weight gain, sexual dysfunction,

gastrointestinal disturbances, and cardiovascular complications, which limit adherence."!
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These limitations underscore the need for novel therapeutic agents with improved efficacy,
faster onset of action, and better safety profiles.”” Ongoing research is directed toward the
development of multi-target therapeutic agents, enhancement of neuroplasticity mechanisms,
implementation of anti-inflammatory interventions, and the repurposing of existing drug
scaffolds for improved antidepressant efficacy.” In this context, heterocyclic compounds
and structurally diverse pharmacophores are being explored for their potential antidepressant

properties.!?*!

2. Phenothiazine Scaffold: A Versatile Platform for Drug Development

Fig.2 :- Phenothiazine.

Phenothiazine is a nitrogen- and sulphur-containing tricyclic heterocyclic compound
characterized by a dibenzothiazine core structure. The phenothiazine scaffold consists of two
benzene rings fused to a central thiazine ring, conferring unique physicochemical and
pharmacological properties. Owing to its versatile chemical reactivity and structural
flexibility, phenothiazine serves as a privileged scaffold in medicinal chemistry and drug
design. [21(26]

Historically, phenothiazine derivatives gained prominence in the early 20th century as
synthetic dyes and antihistaminic agents.!*”! The discovery of Chlorpromazine in the 1950s
revolutionized psychiatric treatment, marking the advent of modern psychopharmacology.
Chlorpromazine became the first widely used antipsychotic drug for the management of
schizophrenia and other psychotic disorders, primarily through dopamine D, receptor
antagonism. This breakthrough established phenothiazines as a major class of neuroleptic
agents. (28124

Structurally, substitution at the nitrogen atom (position-10) and at the aromatic rings
significantly influences biological activity.®*” Based on the side-chain variations at position-

10, phenothiazines are broadly classified into three categories.
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1. Aliphatic derivatives (e.g., Chlorpromazine)
2. Piperazine derivatives (e.g., Trifluoperazine)

3. Piperidine derivatives (e.g., Thioridazine)®"

Beyond antipsychotic activity, phenothiazine derivatives exhibit a broad spectrum of
pharmacological effects, including antihistaminic, antiemetic, anticholinergic, antimicrobial,
anticancer, antioxidant, and potential antidepressant activities.®? Recent research has
expanded interest in phenothiazine analogues due to their ability to modulate multiple
molecular targets, including dopaminergic, serotonergic, adrenergic, and glutamatergic

systems.*!

In addition to central nervous system applications, phenothiazine derivatives have
demonstrated promising roles in oncology, infectious diseases, and neurodegenerative
disorders.**! Their polypharmacological profile, combined with the feasibility of structural
modifications, makes phenothiazine a valuable scaffold for the development of novel
therapeutic agents.®

2.1. Bernthsen Synthesis of Phenothiazine

One of the classical and historically significant approaches for the synthesis of phenothiazine
is the Bernthsen method, which involves thermal treatment of diphenylamine with elemental
sulphur. This reaction represents one of the earliest documented routes for constructing the
phenothiazine nucleus and has been applied in industrial production.

Diphenylamine + Sulphur = Phenothiazine

Reaction Concept

e Substrate: Diphenylamine

e Sulphur Source: Elemental sulphur

« Reaction Conditions: Elevated temperature, typically in the range of 180-250 °C

e Transformation Type: Cyclization through sulphur incorporation into the aromatic

framework. %!

Mechanistic Outline

Initially, elemental sulphur interacts with diphenylamine to generate a sulphur-containing
intermediate. Subsequent electrophilic substitution occurs preferentially at the ortho position
of the aromatic ring relative to the amino group. This facilitates intramolecular cyclization,

www.wiprnet | Vol 15, Issue 11,2026. |  1SO 9001: 2015 Certified Journal | 2037



Madhuri et al. World Journal of Pharmaceutical Research

leading to the formation of the heterocyclic thiazine ring system. Final dehydrogenation and

aromatization steps afford the phenothiazine structure.’”’

2.2. Structural Modifications and Structure—Activity Relationship (SAR)

The biological activity of phenothiazine derivatives is strongly influenced by structural

modifications, particularly at the nitrogen atom at position-10 (N-10) and substitutions on the

aromatic ring at position-2. These modifications affect pharmacological potency, receptor

selectivity, lipophilicity, and pharmacokinetic properties, leading to the development of

several therapeutically important drugs.
1.

(38]

Substitution at Position-10 (Side Chain Modifications) Modification at the N-10 position
determines the pharmacological profile of phenothiazine derivatives.

Aliphatic derivatives (e.g., chlorpromazine, promazine) show moderate antipsychotic
activity with strong sedative, antihistaminic, and anticholinergic effects and relatively
lower extrapyramidal side effects (EPS).

Piperazine derivatives (e.g., trifluoperazine, perphenazine, fluphenazine) possess high
antipsychotic potency due to strong dopamine D, receptor antagonism but may cause
more extrapyramidal side effects.

Piperidine derivatives (e.g., thioridazine, mesoridazine) exhibit moderate potency with
strong anticholinergic and sedative effects and lower EPS, although some may cause
cardiotoxicity.**!

Substitution at Position-2 (Aromatic Ring) Introduction of electron-withdrawing groups
such as halogens (Cl, F), trifluoromethyl (CF5), or alkoxy groups increases antipsychotic
potency, enhances lipophilicity, and improves penetration across the blood—brain
barrier.!%

Influence of Side Chain Length A three-carbon linker between the phenothiazine nucleus
and the terminal amine provides optimal biological activity, while shorter or longer chains
reduce receptor binding affinity.!*!

Electronic Effects of Substituents Electron-withdrawing substituents increase dopamine
receptor antagonism and CNS penetration, influencing antihistaminic, anticholinergic,

and a-adrenergic blocking activities.[*”

Overall, structural modifications of the phenothiazine scaffold produce compounds with

diverse pharmacological activities, including antipsychotic, antihistaminic, antiemetic,

antimicrobial, anticancer, antioxidant, and potential antidepressant effects.
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3. Mechanisms Contributing to Antidepressant Effects

Although phenothiazine derivatives are primarily known for their antipsychotic properties,
several pharmacological mechanisms suggest that they may also contribute to antidepressant
effects. Depression is a complex neuropsychiatric disorder involving dysregulation of
multiple neurotransmitter systems, including dopamine, serotonin, and norepinephrine.
Phenothiazines interact with several receptor systems in the central nervous system (CNS),
which can influence mood, emotional regulation, and behavioral responses. Their
multireceptor activity and ability to modulate neurotransmitter pathways make them

potential candidates for exploring antidepressant mechanisms.*!

3.1 Dopaminergic Modulation
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D2 auto-
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Fig. 3:- Dopamine Signaling Pathway.

Dopamine is an important neurotransmitter involved in motivation, reward, pleasure, and
emotional regulation. Reduced dopaminergic activity in the mesolimbic pathway is

associated with symptoms of depression such as anhedonia, fatigue, and loss of motivation.
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Phenothiazine derivatives interact with dopamine D, receptors and act mainly as dopamine
receptor antagonists, modifying dopaminergic neurotransmission in the brain.**!

By regulating dopamine signaling, these compounds can influence the brain’s reward
circuitry and emotional responses. Controlled modulation of dopamine pathways may help
restore balance in neurotransmission and contribute to improvement in mood and motivation,

which are essential components in the management of depressive symptoms.**!

3.2 Serotonergic Regulation
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Fig. 4: Serotonin Signaling Pathway.

Serotonin (5-hydroxytryptamine, 5-HT) plays a central role in regulating mood, sleep,
appetite, and emotional stability. Many antidepressant drugs work by increasing serotonergic
neurotransmission in the brain. Phenothiazine derivatives can interact with serotonin

receptors such as 5-HT,A and 5-HT,C, which may influence mood regulation.*®!

Antagonism of these serotonin receptors may enhance serotonergic signaling indirectly and
reduce symptoms such as anxiety, irritability, and sleep disturbances that frequently
accompany depression. This serotonergic modulation contributes to the potential

antidepressant-like effects of certain phenothiazine derivatives.!*”
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3.3 Noradrenergic Influence
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Fig. 5:- Locus Coeruleus-Norepinephrine (LC-NE) System.

The noradrenergic system, originating mainly from the locus coeruleus, regulates alertness,
energy levels, and cognitive function. Reduced norepinephrine transmission is associated
with low energy, impaired concentration, and psychomotor retardation in depression.*®!

Phenothiazine derivatives may interact with a-adrenergic receptors, particularly a4 receptors,
affecting norepinephrine signaling in the central nervous system. This modulation may help
regulate stress responses and emotional processing, which can indirectly support

antidepressant activity.!*"
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3.4 Histaminergic and Cholinergic Effects
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Fig. 6: Histamine Neurotransmission Pathway.

Phenothiazines also interact with histamine (H,) and muscarinic acetylcholine receptors in
the brain. Antagonism of H; receptors produces sedative effects that can improve sleep
disturbances and agitation often seen in depressive disorders.

Additionally, mild anticholinergic activity affects cognitive and emotional processing.
Although excessive anticholinergic effects may cause side effects such as dry mouth or
blurred vision, moderate modulation of cholinergic pathways can contribute to the overall
neurochemical balance involved in mood regulation.®”

4. Preclinical Assessment of Antidepressant Activity

Preclinical evaluation plays a crucial role in identifying potential antidepressant agents before
clinical trials. These studies are typically conducted using animal behavioral models,
biochemical assays, and neurochemical analyses to assess the antidepressant-like effects of
new compounds. For compounds such as phenothiazine derivatives, preclinical studies help
determine their influence on neurotransmitter systems, behavioral responses, and stress-
related pathways involved in depression. Commonly used rodent models simulate behavioral
and physiological features of depressive disorders and allow researchers to evaluate drug

efficacy, mechanism of action, and safety.™
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4.1 Forced Swim Test (FST)

(A) Immobility (B) Swimming (C) Climbing

Fig. 7:- Forced Swim Test (FST).

The Forced Swim Test (FST), also known as the Porsolt swim test, is one of the most widely
used animal models for screening antidepressant activity. In this method, rodents (rats or
mice) are placed in a cylindrical container filled with water, from which escape is impossible.
Initially, the animal attempts to escape, but after repeated efforts, it adopts an immobile

posture.

The duration of immobility is considered an indicator of behavioral despair. Antidepressant
compounds reduce immobility time and increase active behaviors such as swimming or
climbing. This model is sensitive to most clinically effective antidepressants, including
SSRIs, tricyclic antidepressants, and monoamine oxidase inhibitors.?

4.2 Tail Suspension Test (TST)

Fig. 8:- Tail Suspension Test (TST)
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The Tail Suspension Test (TST) is another commonly used behavioral assay for evaluating
antidepressant-like activity in mice. In this test, the mouse is suspended by its tail using
adhesive tape attached to a horizontal bar. Initially, the animal shows vigorous escape

movements but eventually becomes immobile.

The duration of immobility is recorded over a fixed time period, typically 5-6 minutes. A
decrease in immobility time after administration of a test compound suggests antidepressant-
like activity. The TST is considered a rapid and reliable screening method for identifying

compounds that influence monoaminergic neurotransmission.**!

4.3 Elevated Plus Maze (EPM)

‘ 50 cm ‘ ‘ 50 cm

40em

Fig.9: - Elevated Plus Maze (EPM).

The Elevated Plus Maze (EPM) is primarily used to evaluate anxiety-related behavior, but
it is also useful in assessing the anxiolytic and antidepressant potential of compounds. The
apparatus consists of two open arms and two closed arms elevated above the floor.

Rodents naturally avoid open spaces due to fear of predators. Therefore, increased time spent
in open arms after drug administration indicates reduced anxiety or improved mood-related
behavior. Since anxiety and depression are often comorbid disorders, the EPM test is

frequently included in preclinical studies evaluating potential antidepressant agents.™
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4.4 Open Field Test (OFT)
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Fig. 10: - Open Field Test (OFT).

The Open Field Test (OFT) is used to measure locomotor activity, exploratory behavior, and
emotional responses in rodents. The apparatus typically consists of a large square arena

divided into smaller grids.

Animals treated with antidepressant agents generally show increased locomotion,
exploration, and time spent in the central area of the field. This test helps differentiate
whether a compound’s effects are due to true antidepressant activity or simply stimulation of

motor activity.
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4.5 Biochemical and Neurochemical Analysis
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In addition to behavioral tests, biochemical studies are performed to evaluate the
neurochemical mechanisms underlying antidepressant activity. These analyses often measure
levels of dopamine, serotonin, and norepinephrine in different regions of the brain using

techniques such as high-performance liquid chromatography (HPLC) or enzyme assays.

Researchers may also evaluate oxidative stress markers, inflammatory cytokines, and
neurotrophic factors such as brain-derived neurotrophic factor (BDNF). Changes in these
biochemical parameters provide insights into how a test compound affects neuronal function,

synaptic plasticity, and stress responses, which are key factors in the pathophysiology of
depression.’®!

5. Current Status and Clinical Implications

5.1 Current Clinical Status of Phenothiazine Derivatives

Phenothiazine derivatives represent an important class of tricyclic heterocyclic compounds
widely used in clinical medicine. Historically, these compounds were primarily developed as
antipsychotic and antihistaminic agents, with drugs such as chlorpromazine, thioridazine,
and promethazine being extensively used for the treatment of schizophrenia, psychosis,

allergies, and nausea. Their therapeutic effects mainly arise from dopamine D, receptor
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antagonism and interactions with multiple neurotransmitter receptors in the central

nervous system.’!

Although phenothiazines are not considered first-line antidepressant drugs, several studies
have suggested that certain derivatives exhibit antidepressant-like activity due to their
ability to modulate dopaminergic, serotonergic, and adrenergic neurotransmission.
Because depression involves multiple neurotransmitter systems, the multireceptor
pharmacological profile of phenothiazines has attracted interest in recent pharmacological
research.*®!

Currently, phenothiazine derivatives are sometimes used adjunctively in psychiatric
therapy, particularly in patients experiencing severe depression accompanied by psychotic
symptoms, agitation, or anxiety. However, their use in depression is generally limited due

to the availability of newer antidepressants with improved safety profiles.™

5.2 Clinical Implications in Depression Management
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The complex neurobiology of depression involves disturbances in several monoaminergic

neurotransmitter systems, including serotonin, dopamine, and norepinephrine.
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Phenothiazine derivatives influence these systems through their interaction with multiple

receptor types, which may contribute to mood stabilization and emotional regulation.

From a clinical perspective, phenothiazines may provide several potential benefits in specific
psychiatric conditions.

e Adjunct therapy in treatment-resistant depression.

e Management of psychotic depression.

e Reduction of anxiety, agitation, and insomnia associated with depressive disorders.

o Stabilization of mood and behavioral disturbances.

However, their clinical use must be carefully monitored because phenothiazines may produce
adverse effects, including sedation, anticholinergic effects, orthostatic hypotension, and
extrapyramidal symptoms (EPS) due to dopamine receptor blockade.®

5.3 Limitations and Safety Considerations

Despite their pharmacological potential, phenothiazines have several clinical limitations that
restrict their use as antidepressant agents. One of the most significant concerns is the
development of extrapyramidal symptoms, including dystonia, akathisia, and parkinsonism,
which arise from dopamine receptor blockade in the nigrostriatal pathway."

Long-term use of certain phenothiazine derivatives may also lead to tardive dyskinesia, a
serious movement disorder characterized by involuntary muscle movements. Other adverse
effects may include sedation, weight gain, cardiovascular complications, and
anticholinergic effects such as dry mouth and blurred vision.

Because of these potential risks, modern antidepressant therapy often favors selective
serotonin reuptake inhibitors (SSRIs) and serotonin—norepinephrine reuptake inhibitors
(SNRIs), which generally exhibit better tolerability and safety.®

6. Future Clinical Perspectives

Recent advances in medicinal chemistry, computational drug design, and molecular
pharmacology have renewed interest in phenothiazine scaffolds for developing novel multi-
target antidepressant agents. Researchers are exploring structural modifications and
hybrid molecule strategies to retain the beneficial pharmacological properties of

phenothiazines while minimizing their adverse effects.®!

wwwwiprnet | Vol 15, Issue 11, 2026. |  1SO 9001: 2015 Certified Journal | 2048



Madhuri et al. World Journal of Pharmaceutical Research

Future drug development may focus on designing phenothiazine-based derivatives with
improved receptor selectivity, reduced extrapyramidal toxicity, and enhanced
neuroprotective activity. These optimized compounds could potentially serve as next-
generation CNS therapeutics with applications not only in depression but also in other

neuropsychiatric disorders.

Thus, although traditional phenothiazines are not widely used as primary antidepressants
today, their multifunctional pharmacological profile and versatile chemical structure
continue to provide valuable opportunities for innovative drug discovery and therapeutic
development in the field of neuropsychopharmacology.®*!

7. CONCLUSION

Depression remains a major global health concern, and current antidepressant therapies often
show limitations in efficacy and safety. Phenothiazine derivatives, known for their
antipsychotic properties, possess a versatile chemical scaffold capable of interacting with
multiple neurotransmitter systems involved in mood regulation. Structural modifications of
the phenothiazine nucleus have led to compounds with diverse pharmacological activities,
including potential antidepressant effects. Although traditional phenothiazines have certain
limitations due to adverse effects, recent advances in medicinal chemistry and drug design
provide opportunities to develop safer and more effective phenothiazine-based agents. Thus,
phenothiazine continues to be a promising platform for the discovery of novel multi-target
therapeutic agents for the management of depression.
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