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Depression is a very common and debilitating psychiatric disorder that carries a high
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altered gut-—brain axis communication. Pharmacological treatment still relies on the use
of conventional antidepressants: antidepressants that inhibit the uptake of serotonin
(SSRIs), or serotonin—norepinephrine (SNRIs), or tricyclic, or monoamine oxidase, or
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MO et AORE R melaninergic, or atypical. They work for many people, but some have a slow onset of

action, side effects, poor response, relapse and treatment-resistant depression. The
monoamine hypothesis of depression has been superseded by novel mechanism-based
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targets in recent studies. Innovative therapies involve
NMDA receptor modulators, AMPA receptor potentiators,
GABAergic neurosteroid modulators, orexin receptor
antagonists, kappa opioid receptor antagonists, anti-
inflammatory drugs, neurotrophic factor-based drugs, and
gut microbiota-targeted drugs. Antidepressant response has
been revealed as a crucial role for glutamatergic signaling
and synaptic plasticity, now captured by rapid-acting
therapeutics like ketamine and esketamine. The future
therapeutic approaches are likely to include the development
of more rapidly acting drugs, greater safety profiles,
biomarker-directed treatment, pharmacogenomics, faster
drug discovery using artificial intelligence and personalized
medicine. In conclusion, current pharmacological treatment
of depression is a trend toward a more integrated and
precision-driven strategy that targets enhanced remission
rates, tolerability, decreased relapse rates and sustainable
functional improvements

INTRODUCTION
1.1 Background of Depression

Depression is a frequent, chronic, and disabling
mental health condition that is defined by a
persistent depressed mood, loss of interest or
pleasure, decreased energy, sleep disturbances,
difficulty with concentration, feelings of guilt or
worthlessness, psychomotor changes, appetite
disturbance and, in severe cases, thoughts of
suicide [1]. It's not just a passing, emotional
response to stressful or sad circumstances, it's a
mental health condition characterized by
emotional, cognitive, behavioral and biological
symptoms. Depression can be a one-off event;
however for many people, depression can be a
recurring or prolonged condition which is a
significant challenge for health professionals and
public health systems. Most people have a general
idea that major depression is a multi-factorial
disorder. It is a process that is highly complex and
involves a combination of genetic susceptibility,
environmental stressors, neurochemical
imbalance, endocrine dysfunction, inflammatory
processes, impaired  neuroplasticity, and
psychosocial factors [2]. Previous theories of
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depression have centered on low levels of

monoamine neurotransmitters, including
serotonin, norepinephrine and dopamine. But
modern research indicates that depression is not
due to a single neurotransmitter abnormality. The
mechanisms known so far to be affected are
alteration of hypo-pituitotropic axis,
neuroinflammatory cytokines, neurotransmission
involved, brain-derived neurotrophic

circadian

factor,
thythm and gut-brain axis [3].
Depression symptoms are different for each
person. Most patients present with sadness and
hopelessness, but some with more prominent
anxiety, irritability, fatigue, sleep disturbance, or
body pain, or with cognitive slowing. Other
illnesses that commonly accompany depression
include diabetes, cardiovascular disease, chronic
pain, neurological disorders and substance use
disorders. This overlap leads to a complex
diagnosis and treatment [4]. Importantly,
depression lowers a person's quality of life, affects
his/her academic and occupational performance,
impacts his/her relationships, and increases the
likelihood of self-harm and suicide. Depression
may result in suicide and there is effective
depression treatment for mild, moderate and
severe depression, according to the World Health
Organization. Pharmacological therapy is the
mainstay of treatment in moderate to severe
depression [5]. While psychotherapy, lifestyle
changes, social support and neuromodulation
treatments are also significant, antidepressant
medications are the backbone of biological
therapy. The goal of antidepressant treatment is to
reduce symptoms, achieve remission, prevent
relapse, return to function and enhance quality of
life. But, delayed effects, incomplete responses,
side effects, interactions, non-compliance and
treatment-resistant depression remain significant
treatment challenges [6].
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1.2 Global burden and clinical significance

Depression is a major component of the disease
burden worldwide. According to the World Health
Organization, around 5.7% of all adults in the
world have depression, and women are more likely
to develop depression than men. Depression is also
known as a major cause of disability globally, so it
causes significant loss of years lived with
disability, loss of productivity and significant
long-term social and economic loss [7]. These
statistics illustrate depression as not only a
psychiatric disease but also as a public health
problem. The clinical importance of depression is
very widespread as it impacts persons across all
age groups, socioeconomic status and regions.
Depression can affect adolescents' and young
adults' educational, social, self-esteem and future
occupational functioning. It has been linked to
work absenteeism, decreased productivity, poor
family functioning and increased utilization of
health-care facilities among adults [8]. Depression
can also occur in older adults in combination with
cognitive impairment, chronic medical disease,
feelings of loneliness, and disability. Depression
can also adversely impact treatment adherence,
exacerbate the impact of chronic physical diseases
on lifestyle behaviors, and further contribute to
increased perceived disease burden, leading to
poor outcomes in patients with chronic physical
diseases. Depression has significant economic
consequences. The direct costs are the cost of
physician visits, medications, hospitalizations,
psychotherapy, emergency department visits, and
long-term management. Indirect costs involve loss
of work productivity, unemployment, burden on
caregivers, and premature death. Depression is
also emotionally and financially stressful to
families, particularly if it is recurring or not
responding to treatment [9]. The true burden may
be higher than reported estimates, as many patients
may not seek care because of stigma, lack of
awareness, difficulty accessing mental health
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services or financial constraints. Clinically,
depression is important as an untreated or poorly
treated condition can become chronic and
recurrent. Early diagnosis and timely treatment of
appropriate therapy is a great aim of modern
depression management. The
depression should be tailored to the individual
based on symptom profile, severity, comorbid
conditions, history of response to antidepressants,
safety, tolerability, patient preference, cost, and
risk for drug interactions [10]. This personalized
treatment is particularly crucial,

antidepressants work for everyone. One of the

treatment of

since few

most challenging fields of clinical practice is
treatment-resistant depression. It is usually used
when the patient has not responded to at least two
properly antidepressant drugs for
sufficient length of time. These cases are linked to
increased disability, health-care expenses, and risk
of suicide. Recent reviews suggest that both
ketamine and intranasal esketamine have emerged

selected

as valuable therapeutic options for the treatment of
TRD, particularly due to their rapid antidepressant
effects. Thus, contemporary pharmacologic
treatment should involve both traditional and
newer mechanism-based antidepressant treatments

[11].

1.3 Evolution of
Pharmacotherapy
In recent decades, the management of depression

Antidepressant

with drugs has significantly changed. The
development of antidepressants was a lot of a
serendipity. The first big classes of drugs given for
depression were monoamine oxidase inhibitors
and tricyclic antidepressants. These medications
yielded significant clinical results and helped to
demonstrate the potential of
pharmacological =~ manipulation  of

using
brain
neurotransmitters to enhance clinical symptoms of
depression [12]. Their use was restricted due to
some drawbacks such as adverse effects, dietary
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restrictions, toxic effects in larger doses and poor
tolerability. This early time in antidepressant drug
development is referred to as the beginnings of
modern antidepressant pharmacotherapy,
according to a review. The next big step was the
development of selective serotonin reuptake
inhibitors. SSRIs like fluoxetine, sertraline,
paroxetine, citalopram and escitalopram were
widely adopted due to their relative safety and
tolerability compared to tricyclic antidepressants
and monoamine oxidase inhibitors [13]. Their
arrival prompted a change to long-term outpatient
care of depression. Serotonin—norepinephrine
reuptake inhibitors, norepinephrine—dopamine
reuptake inhibitors, noradrenergic and specific
serotonergic antidepressants,
modulators, and melatonergic antidepressants
added to the options. These agents enabled the
clinician to choose a medicine based on the
symptoms that were present, including anxiety,
fatigue, insomnia, pain, sexual dysfunction, or

serotonin

weight-related issues. However, traditional
antidepressants have many drawbacks. Most take
the benefit several weeks. A significant number of
patients have partial response or non-response.
Adherence can be impacted by adverse effects like
gastrointestinal disturbance, sexual dysfunction,
weight gain, sedation, insomnia, blood pressure
changes, and discontinuation symptoms. Such
restrictions led to the quest for more rapid-acting
and more specific treatments. The monoamine
hypothesis, a longstanding paradigm of depression
pharmacotherapy, is no longer sufficient. New
avenues of therapeutic exploration include
glutamate, gaba, neurosteroids, inflammatory
pathways, neuroplasticity, circadian biology and
the gut-microbiome [14]. The use of the spray for
treatment resistant depression is significant as it
offers a new and novel glutamate-targeted
approach for treatment-resistant depression; this
use is mentioned in the FDA Approval Letter for

Spravato in 2019. In the same vein, treatment with
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neurosterols has become a new avenue of research,
especially in postpartum depression [15]. In March
2019, Brexanolone became the first medication
approved by the FDA specifically for postpartum
depression; zuranolone was approved as the first
pill  specifically approved for postpartum
depression in adults in August 2023. Therefore,
the treatment of depression by antidepressant
drugs has evolved from a wide-range of
monoamine-based treatment to a  more
mechanism-based and personalized one. Future
directions in the management of depression may
include more rapid acting medications, targeting
depression through the wuse of biomarkers,
pharmacogenomics, combination treatments, and
the development of new targets to address the
biological heterogeneity of depression.

2. Pathophysiology of Depression

Depression is a heterogeneous neuropsychiatric
disorder, without any single biological causes.
These are the contemporary findings that show

that multiple biological systems, such as
monoaminergic neurotransmission,
neuroendocrine  stress  regulation, immune-

inflammatory pathways, glutamatergic signaling,
neuroplasticity, and the gut-brain axis, can
contribute to the development of major depressive
disorder. These mechanisms do not act
independently, but rather they affect one another
and interact to create disturbances in mood,
cognition, sleep, appetite, motivation, stress
response and emotional regulation. The latest
reviews characterize depression as a disorder
associated with monoaminergic dysfunction, loss
of function in the hypothalamic—pituitary—adrenal
axis, decreased levels of BDNF, neuroplasticity
changes, inflammation, and gut microbiome
imbalance [15].

2022 |Page



Rohit Kumar, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 7, 2019-2049 | Review

2.1 Monoamine Hypothesis

One of the most widely accepted and well-known
theories suggesting the biological basis of
depression is the monoamine hypothesis. It
suggests that the symptoms of depression are
linked to a decrease in the activity of monoamine
neurotransmitters, particularly serotonin,
norepinephrine and dopamine, in specific areas of
the brain These
neurotransmitters play a role in emotional well-
being, rewarding behavior, motivation, attention,
sleep, appetite and stress. Serotonin is related to
mood, sleep and impulse control,

associated with mood.

anxiety,
norepinephrine to alertness, concentration, energy
and adaptation to stress and dopamine to reward,
pleasure, motivation and psychomotor activity
[16]. This hypothesis became important because
numerous antidepressant medications have been
found to enhance monoaminergic
neurotransmission. The five main classes of
antidepressants all have different effects on
serotonin and other monoamines, with selective
serotonin reuptake inhibitors (SSRIs) raising

serotonin  levels,  serotonin—norepinephrine
reuptake inhibitors (SNRIs) boosting both
serotonin  and  norepinephrine,  tricyclic

antidepressants (TCAs) blocking serotonin and
other monoamine reuptakes, monoamine oxidase
inhibitors (MAOIs) blocking the enzymatic
degradation of serotonin and other monoamines,
and bupropion enhancing serotonin and other
monoamines. Thus, clinical activity of these drugs
lends further support to the role of monoamines in
depression. The monoamine hypothesis is no
longer seen as a comprehensive understanding of
depression, however. A major drawback is that
antidepressants raise levels of monoamines in the
synapse within hours, but it takes weeks for
clinical improvement to occur. The delay indicates
that adaptive changes downstream, such as
receptor regulation and/or intracellular signaling,
neuroplasticity, and gene expression are required

LA
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to produce the antidepressant response. Moreover,
not every patient is responsive to monoamine
drugs and many patients will have partial response
or resistance. The monoamine hypothesis is thus
updated in a modern fashion. The serotonin deficit
theory is not the only theory to consider when
discussing depression. A systematic umbrella
review raised doubts about the robustness of the
serotonin-deficiency theory of depression, and
other expert discussions suggested that serotonin
still has a role to play and is part of a larger,
multifactorial theory of depression. Therefore, a
dysfunction of monoamines is significant in
depression, but in concert with hormones of stress,
inflammation, glutamate signaling, neurotrophic
processes, and environment [17].

2.2 Neuroendocrine Dysregulation and HPA
Axis

The central neuroendocrine system that controls
the body's response to stress is called the
hypothalamic—pituitary—adrenal axis.
Corticotropin-releasing hormone is secreted from
the hypothalamus during stress. This activates the
anterior pituitary gland to secrete
adrenocorticotropic  hormone (ACTH) that
activates the adrenal cortex to produce cortisol.
Cortisol is responsible for helping the body cope
with stress, it's a regulator of metabolism, immune
system, heart and blood pressure, and brain
arousal. In normal conditions, cortisol also
negatively regulates the hypothalamus and
pituitary to avoid over-activation and interestingly,
cortisol levels are elevated during exercise [18]. In
normal conditions, cortisol also has a negative
influence on the hypothalamus and pituitary to
avoid stress  activation, and
interestingly, cortisol increases during exercise.

During depression, this stress-regulating system

excessive

can go awry. An increased level of cortisol, a
disruption in the negative feedback loop, an
alteration in cortisol's circadian rhythm, and a
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prolonged activation of the HPA axis are seen in
many depressed patients. The chronic stress is one
of the most important environmental risk factors
for depression, due to the prolonged exposure to
cortisol can affect the brain areas related to mood
and cognition, such as the hippocampus, prefrontal
cortex, and amygdala. Several reviews of the
pathophysiology of depression outline the
importance of HPA-axis hyperactivity in the onset
and maintenance of depressive symptoms. The
HPA-axis activity is normally regulated by the
hippocampus to dampen down excessive activity.
Chronic stress and high levels of cortisol can,
however, inhibit neurogenesis in the hippocampus,
decrease the plasticity of the synapses, and
decrease the volume of the hippocampus. This
results in less control of cortisol production and a
vicious circle of over-activation of the stress
system [19]. The prefrontal cortex that plays a role
in emotional control and decision-making can also
become less effective in managing stress.
Meanwhile, hyperactivity in the amygdala
(structure associated with fear and emotional
salience) could result in heightened stress
reactivity, negative emotional bias, and anxiety.
Other biological mechanisms also contribute to the
interaction with the HPA-axis dysregulation. Too
much cortisol can cause inflammation, change
serotonin and dopamine function, disrupt sleep,
upregulate oxidative stress, and downregulate
BDNF expression. These effects lead to decreased
mood, fatigue, cognitive dysfunction, anhedonia
and lack of tolerance for stress. Thus, depression
can be seen as a disorder of maladaptive stress
biology, in which the brain and body continue to
be activated in a state of chronic stress after the
stressor has subsided.

2.3 Neuroinflammation and Immune

Mechanisms
The role of neuroinflammation in the current
literature  of  depression.  Importance  of
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neuroinflammation to modern understanding of
depression. While previous studies concentrated
primarily on neurotransmitters, recent research
suggests that immune and inflammatory systems
play an important role in mood and brain function.
Depression is associated with elevated levels of
inflammatory markers including interleukin-6,
tumour necrosis factor-alpha, interleukin-1 beta
and C reactive protein [20]. These inflammatory
signals can be the result of chronic stress,
infection, obesity, poor diet, sleep disturbance,
autoimmune disease, metabolic disorders, or
psychosocial adversity. The brain can become
inflamed in various ways. Peripherally generated
cytokines can reach the brain via the blood—brain
barrier, vagus signaling, endothelial
activation and trafficking of immune cells. Once
inflammatory signals arrive at the central nervous
system, they can trigger damage of the resident
immune cells of the brain, the microglia. The
activated microglia release cytokines, ROS and
which can modify neuronal
functions, synaptic plasticity and neurotransmitter
metabolism [21]. Neuroinflammation, peripheral
inflammation and gut dysbiosis are considered
three important ~ mechanisms in  the
pathophysiology of MDD according to reviews.
Tryptophan metabolism is one of the important
inflammatory pathways during depression.
Tryptophan is an amino acid that can be used to

nerve

other factors

serotonin. Inflammation can lead to
activation of the enzyme indoleamine 2,3-
dioxygenase and change the metabolism of
tryptophan away from serotonin to the kynurenine
pathway. Some kynurenine metabolites like
quinolinic acid can promote glutamatergic
excitotoxicity by binding to NMDA receptors;
others have been shown to modulate oxidative

make

stress and neuronal survival. This mechanism
connects inflammation and decreased serotonin
synthesis, glutamate dysregulation and impaired
neuroplasticity. Inflammation impacts dopamine
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and reward pathways as well. Dopamine synthesis,
release and receptor activation in brain reward
pathways can be lowered by pro-inflammatory
cytokines [22]. This could lead to anhedonia, loss
of motivation, psychomotor slowing, and fatigue,
typical symptoms of depression. Futhermore,
inflammatory mediators can disrupt sleep,
heighten sensitivity to pain, cause cognitive
impairment and exacerbate anxiety. The immune
hypothesis of depression does not imply that
depression is always caused by inflammation.
Rather, it suggests there's a subset of patients that
may exhibit depressive symptoms as a result of
inflammation. This is clinically relevant as these
patients may be different in their response to
conventional antidepressant therapy and may be
susceptible to treatment strategy based on anti-
inflammatory or immunomodulatory therapies in
the future. This correlation between stress,
inflammation and depression also helps to
understand why, chronic physical diseases,
obesity, autoimmune diseases and chronic
psychosocial stress are linked to an increased risk

of depression [23].

2.4 Glutamatergic Dysfunction

Glutamate is a major excitatory neurotransmitter
in the brain critical to synaptic transmission,
learning and memory, and the process of
neuroplasticity. Recently, defects in glutamatergic
function have been implicated in depression, and
these defects are considered to be relevant to mood
disturbances. The glutamate hypothesis differs
from the monoamine hypothesis, which primarily
accounts for the delayed antidepressant effects, in
that it helps to elucidate the immediate
antidepressant effects, particularly those noted
with ketamine and esketamine. Glutamate targets
multiple receptor systems, such as NMDA
receptors, AMPA receptors and metabotropic
glutamate receptors. A balance between the
activity of the excitatory neurotransmitter
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glutamate and the inhibitory neurotransmitter
GABA is important for normal brain function.
Depression, chronic stress, inflammation and
excess cortisol can mess up this balance. Too
much glutamate release or decreased clearance can
cause excitotoxicity leading to nerve damage and
synapse damage [24]. Conversely, weakened
glutamate transmission in some of these circuits
could disrupt connectivity between mood,
cognition and motivation regions of the brain. In
depression, dysfunction of the NMDA receptor is
of special significance. Excitotoxic damage and
decreased neuroplasticity may be due to
of NMDA receptors,
modulation of the NMDA receptor can lead to a
rapid antidepressant effect. The NMDA receptor
antagonist ketamine has been reported to rapidly
improve depressive symptoms in some treatment-
resistant depression patients. It is believed to exert
an antidepressant-like effect by increasing AMPA
receptor signaling, activation of intracellular

overactivation and

mechanisms like mTOR, augmentation in synaptic

formation and normalization of functional
connections in circuits involved in mood.
Medication-free major depression has been the
focus of modern reviews of depression
pathophysiology, which have found abnormalities
in glutamate and GABA to be significant. There
are also links between glutamatergic dysfunction
and inflammation and neuroplasticity [25].
Inflammation can elevate the production of
quinolinic acid that can activate NMDA receptors
and can lead to excitotoxicity. Long-term stress
can cause a decrease in the function of the glial
cells, in the ability to take up the glutamate, and in
the ability to regulate the energy metabolism of the
neurons. The alterations may play a role in the loss
of synapses in the prefrontal cortex and
hippocampus, both of which have been involved in
depression. This has shifted the paradigm of
antidepressant drug discovery focusing on the role

of glutamate in depression. The traditional
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antidepressants mainly target monoamines,
whereas recent studies are directed to glutamate
modulators, AMPA receptor potentiators, NMDA
receptor modulators and drugs that restore
excitatory-inhibitory balance. This is particularly
significant for patients with treatment-resistant
depression, ideation, and
depression, which may benefit from more rapid
symptom relief [26].

suicidal severe

2.5 Neuroplasticity and BDNF Signaling

Neuroplasticity is the property of the brain to
adapt, reorganize, form new synaptic connections
and change neural circuits as a result of

experience, stress, learning, and treatment.
Depression is seen more and more as a disease of
dysplastic ~ brain. Under chronic  stress,

inflammation, excess cortisol, oxidative stress and
diminished neurotrophic support can result in
neuronal atrophy, synaptic loss, a diminished
capacity for neurogenesis, and changes in
connectivity in mood-regulating brain regions
[27]. One of the most essential molecules in
neuroplasticity is the BDNF. BDNF promotes
long-term  potentiation, dendritic branching,
neuron survival, and synaptic growth, as well as
neurogenesis. Specifically it is important in the
hippocampus, the prefrontal cortex and other
regions associated with mood, memory and
cognitive flexibility. Depression is associated with
decreased BDNF signaling, and
antidepressant therapy is associated with increased
BDNF activity and enhanced synaptic plasticity.
The recent reviews provide a summary of the
correlation of BDNF, neuroplasticity and
antidepressant responsiveness in depression. With
chronic stress, the expression of BDNF might
decrease, particularly in the hippocampus and
prefrontal cortex. This can lead to a decrease in

successful

hippocampal volume, memory difficulties,
negative cognitive bias, poor emotional regulation
and less resilience to stress. If the level of BDNF

‘V'V;P‘TV INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

e

is low, the neurons may be less able to respond to
environmental demands [28]. This could be why
negative thinking is a common symptom of
depression, along with a lack in problem solving
and inability to bounce back from stressful
situations. Part of the improvements that
antidepressants provide for depression is that they
help restore the neuroplasticity of the brain. While
SSRIs and SNRIs are associated with early
changes in monoamines, the therapeutic effects of
these drugs could be mediated by subsequent
changes in gene expression, BDNF signaling,
synaptic remodeling and network adaptation. This
may help to account for the delayed effects of
[29]. Conversely,
ketamine is a fast-acting antidepressant that can

traditional antidepressants

show more immediate effects by promoting rapid

changes in synaptogenesis and functional
connectivity via glutamate-mediated plasticity
pathways. Neuroplasticity also creates a

connection between pharmacological and non-
pharmacological treatments. BDNF activity and
neuroplasticity affected by
psychotherapy, physical exercise, good sleep,
cognitive training and stress reduction. The

can also be

neuroplasticity model thus reinforces the idea of a
holistic approach to the management of
depression, in which pharmaceuticals provide a
neurological landscape that can enhance the brain's
ability to heal, while psychological and lifestyle
treatments can mold more favorable neural circuits

[30].

2.6 Gut—Brain Axis in Depression

The gut/ brain axis is a system that connects the
gut, gut microorganisms, immune, endocrinal,
vagus nerve, and central nervous system in a two-
way pathway. This axis has been a growing focus
in recent years for studies of depression. The gut
microbiota may interact with brain function by
generating neurotransmitter like substances, short
chain fatty acids, immune mediators, metabolic
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products, and modulate the metabolism of
tryptophan. Any change in gut microbes balance
(dysbiosis) can help to cause inflammation,
changes in your body's response to stress, and
symptoms of mood disorders. There are several
that might
involvement of the gut-brain axis in depression.
First, the gut dysbiosis can lead to leakiness, or
open gut, such that bacterial products like
lipopolysaccharide can enter into the blood stream
and induce systemic inflammation [31]. This
inflammatory activation may impact the brain, and
play a role in depressive symptoms. Second, gut

mechanisms account for the

bacteria affects tryptophan metabolism which
impacts synthesis and kynurenine
pathway activity. Third, metabolites of microbes,
including short-chain fatty acids, can influence
blood-brain barrier function, microglial activity
and neuroplasticity. Fourthly, the vagus nerve
directly connects the gut and the brain, affecting
emotional control and stress responses. There is

serotonin

also a possibility of the gut microbiota affecting
the HPA axis. A well-balanced microbiome seems
to help to maintain normal stress regulation, while
dysbiosis may play a role in heightened cortisol
responses and low stress resilience. Its role in
connecting a diet, stress, inflammation, and
depression has become an important connection.
Human and animal research have found the
composition of gut microbiota may be different in
people with depression, but the specific patterns
are inconsistent and not yet clear. The imbalance
in gut microbiome is described recently as one of
the biological processes that are involved in the
pathogenesis of depression. The gut—brain axis is
a clinically relevant pathway that presents
opportunities for prevention and treatment [32]. In
addition to conventional therapies, supportive
interventions such as diet quality, probiotics,
prebiotics,  psychobiotics, anti-inflammatory
nutrition and microbiota-targeted interventions are
under investigation for depression. Such methods

=,
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are not to be used in place of proven treatment for
moderate to severe depression. Instead, they are
hopeful adjunctive methods that can be helpful in
individual  patients  with  gastrointestinal
symptoms, inflammation, metabolic disease,
and/or depression related to stress conditions. The
overall pathogenesis or pathobiology of
depression can be considered as an interaction of
different biological pathways [33]. Monoamine
dysfunction accounts for some of the therapeutic
efficacy of existing antidepressants and HPA-axis
dysfunction accounts for the correlations between
stress and depression. Immune activation is
associated with changes in neurotransmitters and
alterations in plasticity, which are linked to

neuroinflammation. Excitatory — inhibitory
imbalance and fast acting antidepressant
mechanisms are explained by glutamatergic

dysfunction. Impaired neuroplasticity and reduced
BDNF signaling are responsible for structural and
functional changes in the brain, and are linked to
the gut-brain axis, which links microbiota,
metabolism, immunity, and regulation of mood.
Thus, depression is a complex condition and not a
neurotransmitter deficiency [34].

3. Established Pharmacological Therapies

Pharmacological treatment continues to be one of
the mainstays in the treatment of moderate to
severe depression. The choice of antidepressant is
influenced by severity,  prior
antidepressant response, comorbid anxiety and/or
pain, sleep, appetite, risk of suicide, drug
interactions, adverse-effect profile, cost, and
patient preference. Shared decision making,
periodic review after initiation of antidepressant
therapy, assessment for side effects, and
maintenance antidepressant therapy for long
enough after remission of symptoms to minimize

symptom

the risk of relapse, are the areas in which current
treatment guidelines place particular emphasis.
NICE guidance suggests that discussions with

2027 |Page



Rohit Kumar, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 7, 2019-2049 | Review

patients around treatment options should take
place, and that treatment should be tailored to the
clinical need and the patient's preference; in more
severe depression, antidepressant medications and
a combination of antidepressant and psychological
therapy are recommended [35].

3.1 Selective Serotonin Reuptake Inhibitors

Some of the most frequently prescribed first line
antidepressants are selective serotonin reuptake
inhibitors. This class is composed of fluoxetine,
sertraline, paroxetine, citalopram, escitalopram,
and fluvoxamine. SSRIs primarily work by
blocking the presynaptic nerve terminal serotonin
transporter. This blockade prevents serotonin from
being taken back up into the presynaptic terminal,
which leads to more serotonin in the postsynaptic
receptor. According to StatPearls, SSRIs bind to
the serotonin transporter (SERT) and prevent
serotonin from being removed from the synaptic
cleft, as well as having fewer adrenergic,
cholinergic, and histaminergic effects and fewer
side effects than older antidepressants. The
therapeutic benefit of SSRIs stems from their
effectiveness, tolerability, safety in overdose, and
their utility in comorbid anxiety disorders. They
are usually recommended for patients with
depression and panic
obsessive thoughts, irritability, and emotional
instability [36]. Fluoxetine is long acting and can
be helpful when eliminating symptoms are an

anxiety, symptoms,

issue, and sertraline is a broad spectrum drug that
is widely used due to its balanced tolerability
profile. The use of escitalopram is sometimes
preferred because of its relatively good tolerance
and easy dosing. While effective, paroxetine more
often causes anticholinergic effects, weight gain,
sedation, sexual dysfunction and withdrawal
symptoms. SSRIs tend to be well tolerated, but
they do come with some side effects. Side effects
consist of nausea, diarrhea, headache, insomnia,
somnolence, tremor, sweating, sexual dysfunction
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and emotional blunting. Adherence can be lowered
by sexual side effects including decreased libido,
decreased speed of ejaculation, anorgasmia, and
erectile dysfunction. Another side effect of SSRIs
is hyponatremia, particularly in older adults or
diuretic users. During the onset of treatment, some
may feel more anxious, restless or unable to sleep.
In sensitive patients, therefore, it is helpful to
begin with low doses and a slow titration [37]. One
of the biggest drawbacks of using SSRIs clinically
is their time lag before they begin to have a
significant impact on mood. Serotonin reuptake
inhibition is fast, but clinical effects take several
weeks. This delay is believed to be attributed to
adaptive changes in receptor sensitivity,
intracellular signaling, gene expression and
neuroplasticity. Not all patients respond to SSRIs
equally and only a partial response (or no
response) occurs in many of them. Therefore,
treatment should be reassessed following a
suitable trial, and/or treatment adjustment, switch
or augmentation may be considered if there is an
inadequate response [38].

3.2  Serotonin—Norepinephrine
Inhibitors

The serotonin—norepinephrine reuptake inhibitors
(SNRIs) are antidepressant drugs that enhance the
activity of both serotonin and norepinephrine. A
number of the important drugs in this class are
desvenlafaxine, duloxetine,

Reuptake

venlafaxine,
milnacipran, and levomilnacipran. They are
believed to work by blocking the serotonin and
norepinephrine transporters, which leads to more
serotonin and norepinephrine available in the
synapse. The dual mechanism is clinically relevant
since serotonin is involved in emotional control,
anxiety and mood and Norepinephrine is involved
in alertness, energy, concentration and pain
modulation. SNRIs are effective in treating
depressed patients with psychomotor slowing,
poor concentration, low energy, fatigue or painful
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physical symptoms. Duloxetine has other
indications for neuropathic pain, fibromyalgia and
chronic musculoskeletal pain [39]. High dose
venlafaxine can have more noradrenergic activity;
low dose venlafaxine more serotonin-dominant.
The metabolite  of  venlafaxine,
desvenlafaxine, is simpler metabolized. Due to
their noradrenergic activity, SNRIs may also be

useful if SSRI's do not lead to a sufficient increase

active

in energy or motivation. SNRIs have an adverse-
effect profile similar to that of SSRIs, but with the
addition of noradrenergic effects. Side effects are
nausea, dry mouth, sweating, insomnia, dizziness,
constipation, sexual dysfunction and raised blood
pressure. Venlafaxine, especially when used at
higher doses, may elevate blood pressure,
therefore should be monitored in patients at risk
for elevated blood pressure or who have
hypertension. When venlafaxine and
desvenlafaxine are suddenly stopped, a person
may have withdrawal effects like getting dizzy,
irritated, electric shock-like feelings, feeling sad,
not sleeping well, nausea, and flu-like symptoms
[40]. So, it is advisable to wean off therapy slowly.
SNRIs are typically used when SSRIs are not
effective or if there is a patient symptom picture
that indicates there is some benefit to the
noradrenergic component. They are particularly
important in depression with pain syndromes, low
energy or an inadequate response to SSRIs. These
however should be used with caution in those with
uncontrolled  hypertension, marked cardiac
disease, anxiety activation and sensitivity to the
stimulant-like side effects. They should be taken
alone, as with SSRIs, because of the potential risk
of serotonin syndrome when used with
monoamine oxidase inhibitors [41].

3.3 Tricyclic Antidepressants

The tricyclic antidepressants are  older
antidepressants still clinically used; especially in
severe depression, melancholic depression,
@7} INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

chronic  depression or treatment-resistant
depression.  These include  amitriptyline,
imipramine, clomipramine, nortriptyline,

desipramine and doxepin. The primary mechanism
of action of TCAs is inhibition of norepinephrine
and reuptake; they inhibit
muscarinic cholinergic, histaminergic H1, and
alpha-adrenergic receptors. These are very general
receptor functions that underlie their therapeutic
properties but also their high adverse effect profile.
TCAs are effective antidepressants but are
generally not first line treatment, as they are not
tolerated or are not considered safe due to their
side effects [42]. The efficacy of TCAs is similar
to that of SSRIs in the treatment of major
depressive disorder, but they are more likely to
cause adverse effects (anticholinergic activity) and
have a lower risk of overdose. For these reasons,
TCAs are usually reserved for patients who have
not responded to more recent antidepressants, or
patients who have particular symptoms, such as

serotonin also

insomnia, neuropathic pain, migraine prophylaxis
requirements, or chronic pain. The negative side
effects of TCAs are significant. Common side
effects of anticholinergic drugs are dry mouth,
blurred vision, constipation, urinary retention,
tachycardia, and cognitive impairment. Histamine
blockade may lead to sleepiness and weight gain
and alpha-adrenergic blockade may lead to
postural hypotension and dizziness. TCAs can also
have an effect on cardiac conduction, causing QT
prolongation, arrhythmia, and severe toxicity on
over-dose [43]. Therefore they should be used with
caution in patients with cardiovascular disease,
elderly, patients at risk of falls and patients with
suicidal ideation. Although these are some of the
limitations, TCAs are useful in certain clinical
scenarios. When depression is accompanied by
chronic pain, insomnia, and/or migraine,
antidepressants such as amitriptyline and
nortriptyline are often prescribed. Clomipramine
exhibits potent serotonergic properties; it is very
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effective for  the obsessive-compulsive
component, but may have side effects that
decrease its usefulness. Compared to the tertiary
amine TCAs (such as amitriptyline or
imipramine), nortriptyline and desipramine are
sometimes reported as being more tolerable. For
some TCAs, therapeutic drug monitoring could be
helpful to maximize effectiveness and prevent

toxicity [44].

3.4 Monoamine Oxidase Inhibitors

Monoamine oxidase inhibitors are one of the first
antidepressant medications. Countries that have
phenelzine, tranylcypromine, isocarboxazid, and
moclobemide included in this class are the
countries where these medications are registered.
The mechanism of action of MAOIs is to block
monoamine oxidase (the enzyme that breaks down
serotonin, norepinephrine and dopamine). The
enzymes that inhibit these neurotransmitters make
them more available in the brain. StatPearls states
that while MAOIs are the oldest class of
antidepressants known, they are not first-line
treatment as a result of side effects and drug—drug
interactions [45]. MAOIs are particularly useful in
atypical depression, unresponsive depression and
depression cases that are characterized by rejection
sensitivity, sleepiness, increased
appetite, leaden paralysis, and mood reactivity.
They can also be helpful in people who've tried
several antidepressant medications and are not

excessive

helped by any of them. Their use has been,
however, decreasing, due to the need for careful
dietary restrictions, medication review, patient
education, and monitoring. The most important
safety issue with MAOIs is the build-up of
tyramine leading to a hypertensive crisis.
Nonselective MAOIs
hypertension when taken with certain preserved

may cause dangerous

foods (aged cheese, some alcoholic drinks, cured
meats, some fermented foods), red wine, and other
foods that are high in tyramine. MAOIs also have
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serious drug interaction risks [46]. The use of
MAOIs with SSRIs, SNRIs, TCAs, some opioids,
sympathomimetics or serotonergic agents may
lead to a serotonin syndrome or a hypertensive
reaction. StatPearls cautions against the possibility
of drug—drug and drug—food interactions with
MAOIs, and against the use of MAOIs in
combination with SSRIs due to the risk of
serotonin syndrome. Due to these dangers, MAOIs
must be "washout" before starting or stopping
other antidepressants. Most antidepressant
medications have a washout period of 14 days or
more; for fluoxetine, the washout period is longer
since the half-life is very long. Clinicians
experienced in using MAOIs are therefore usually
the ones who prescribe them. Today they are not
as widely used, but are still valuable for certain
patients who have failed to improve from other
treatments [47].

3.5 Atypical Antidepressants

Atypical antidepressants are a diverse category of
medications that do not easily fall into one of the
four categories listed above: SSRIs, SNRIs, TCAs,
and MAOIs. These include bupropion,
mirtazapine, trazodone, vortioxetine, vilazodone,
and possibly other drugs based on classification.
The therapeutic actions, clinical uses, and side
effects of these drugs are diverse. On a molecular
level, they vary in a way that allows them to be
used in individual treatments especially when
patients don't respond to standard serotonergic
drugs or when they have intolerable side effects
[48]. The mechanism of action of bupropion is
mainly the blocking of the reuptake of
norepinephrine and dopamine with little direct
serotonergic action. According to StatPearls,
bupropion is a dopamine/norepinephrine reuptake
inhibitor that acts at the presynaptic cleft.
Clinically it can be helpful in depression where

there is fatigue, hypersomnia, decreased
motivation, poor concentration or sexual
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dysfunction from using an SSRI. Less likely to
lead to sexual dysfunction or weight gain than
other serotonergic antidepressants. It can cause
insomnia, anxiety, tremor, dry mouth, and a higher
risk of seizures, particularly at higher doses or in
individuals with eating disorders or seizure
history, however. The mechanism of action of
Mirtazapine is primarily through antagonism of
presynaptic  alpha-2  adrenergic  receptors,
increasing norepinephrine and serotonin release.
Also inhibits 5-HT2 and 5-HT3 receptors with
high antihistaminic activity. This profile makes
mirtazapine useful in depression with insomnia or
anxiety, poor appetite or weight loss or nausea
[49]. The common side effects are sedation and
weight gain. Lower doses may lead to more
sedative effects because of the histamine blocking
effects. Mirtazapine can be especially helpful in
frail patients who have trouble sleeping and don't
have much appetite; however, it may not be the
best option for patients worried about weight gain
or metabolic changes. Trazodone belongs to a
class of drugs known as serotonin antagonists and
reuptake inhibitors. It acts as an inhibitor of
serotonin type 2 receptors and has low inhibitory
activity on the serotonin reuptake. It also has
antihistaminic and alpha-1 adrenergic blocking
properties, leading to sedation and postural
hypotension. According to StatPearls, trazodone is
an antidepressant drug that blocks the serotonin
transporter and serotonin type 2 receptors.
Trazodone is frequently prescribed for insomnia
with a depression at low dose in the real world, but
at a higher dose for complete antidepressant
activity.  Sedation, orthostatic
hypotension and occasionally priapism are all
important adverse effects. Vortioxetine is
multimodal antidepressant with activity that

dizziness,

encompasses serotonin reuptake inhibition and
modulation of multiple serotonin receptor
subtypes. May be helpful with cognitive aspects of
depression (concentration, executive functioning).
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According to guidance from NICE vortioxetine is
a treatment choice when there is no or limited
response to at least two antidepressant drugs
during the current episode. Vilazodone is a
serotonin reuptake inhibitor with partial 5-HT1A
receptor agonist activity that could be considered
in certain individuals, but may have
gastrointestinal side effects [50].

3.6 Melatonergic Antidepressants

Melatonergic antidepressants are a unique class of
antidepressant drugs that affect both the regulation
of circadian rhythms and monoaminergic
modulation. Agomelatine is the main drug in this
category. It is a melatonin MT1 and MT?2 receptor
agonist and antagonist at 5-HT2C receptors. This
synergic effect may contribute to the re-
entrainment of the circadian system as well as
stimulate the release of norepinephrine and
dopamine in the frontal cortex. According to a
pharmacological review, agomelatine is a strong
MT1/MT?2 receptor agonist and neutral 5-HT2C
receptor antagonist [51]. The mechanism behind
melatonergic therapy is the fact that depression
often is accompanied by circadian rhythm
disturbance. Insomnia, early morning awakening,
hypersomnia, diurnal mood variation, fatigue and
disruption of sleep—wake cycles may occur in
patients. Agomelatine acts on melatonin receptors,
and may help to enhance sleep quality and
circadian rhythm, with a lesser risk of sexual
dysfunction than many SSRIs. It is also a SHT2C
antagonist ~ which  could also  improve
dopaminergic and noradrenergic transmission in
those brain regions where they play a role in mood
and motivation. Agomelatine might be indicated in
depressed patients with insomnia, dysregulated
sleep-wake rhythm or a sensitivity to serotonergic
side effects. It does have some safety factors,
however. Liver function monitoring is
recommended as agomelatine can lead to increases
in hepatic transaminases and rarely to clinically
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significant hepatotoxicity. Should not be used in
patients with active liver disease or important
hepatic impairment. For this reason, the
introduction of agomelatine represents a novel
mechanism and a sexual side-effect profile that is
favorable, but appropriate patient selection and
laboratory monitoring is required before taking
this drug [52]. This suggests that pharmacotherapy
for depression is not restricted to augmenting
monoamines in the synapse, as shown by
melatonergic antidepressants. Rather,
contemporary  established  treatment  also
acknowledges the position of sleep structure,
circadian regulation and biological rhythms in
mood issues. This is especially relevant since sleep
disturbances are both a symptom and risk factor
for the persistence or recurrence of depression
[53].

3.7 Combination and Augmentation Therapy

Patients who respond partially or do not respond
sufficiently, have recurrent depression, have a
psychotic depression, or have a treatment-resistant
depression are treated with combination therapy
and augmentation therapy. The usual definition of
combination therapy is the use of two
antidepressants, and the wusual definition of
augmentation 1is the addition of a non-
antidepressant agent to enhance a response [54].
These strategies are not first-line treatment for all
patients as they are more complicated, more
expensive, require more monitoring, and have
higher adverse effect burden. They are however
important if patients don't respond to standard
monotherapy. The most frequent combination
approach is the use of mirtazapine or trazodone, in
combination with an SSRI or SNRI, particularly if
insomnia, anxiety, loss of appetite or partial
response is a concern. Alternatively, changing the
antidepressant class if the first antidepressant is
not effective or is poorly tolerated. The use of two
or more serotonergic drugs needs to be careful
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since it may lead to serotonin syndrome. In
general, combinations of SSRIs, SNRIs and TCAs
with MAOIs should be avoided due to the risk of
serious interaction. The NICE guidance for
depression with no or inadequate response
includes changing antidepressant drugs, adding
another antidepressant, or modifying treatments
into a combination of psychological therapies and
antidepressant drug use; it also cautions against
certain combinations of antidepressants - for
instance, combinations of SSRI, SNRI or TCA
with MAOI - being potentially hazardous [55].
One of the most well-known treatment-resistant
depression augmentation strategies is lithium.
Lithium may act as a modulator of antidepressant
treatment  effects  via  modulation  of
monoaminergic transmission, 2nd messengers,
neuroprotection, circadian regulation, and suicide-
risk reduction mechanisms. It does need to be
carefully monitored though. Prior to lithium
treatment, and monitoring for lithium levels after
commencement and dose adjustments, the
following should be measured in accordance with
NICE guidance: Weight, renal function, thyroid
function, and calcium levels. Lithium toxicity may
manifest as diarrhea, vomiting, tremor, ataxia,
confusion, and seizures and is exacerbated by
dehydration, renal impairment, NSAIDs, ACE
inhibitors, angiotensin receptor blockers, and
diuretics. Also, 2nd generation antipsychotics
have been employed as augmentation agents,
especially in treatment resistant depression, and in
depression with psychotic features. Medications
include aripiprazole, quetiapine, olanzapine, and
risperidone [56]. These agents could act by
modulating dopamine and serotonin receptors
which could lead to better mood. Partial dopamine
agonist activity is the reason that aripiprazole is
sometimes used, and quetiapine may be helpful if
there is a lot of anxiety and insomnia.
Antipsychotic ~ augmentation is, however,
associated with a number of potential side-effects
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including weight gain, dyslipidaemia,
hyperglycemia, sedation, extrapyramidal
symptoms, elevation of prolactin, and QT

prolongation. Pulse, BP, weight, glucose/HbAlc,
lipids and adverse effects are recommended as
parameters to be monitored at baseline and follow-
up in the case of the use of antipsychotics in
depression. Other augmentation therapies involve
thyroid hormone, lamotrigine in some patients and
psychostimulants in some patients, and
electroconvulsive therapy (ECT) in the most
severe and treatment-resistant depression [57].
Futher-line treatment includes second generation
antipsychotics,  specialist  input, lithium,
electroconvulsive treatment, lamotrigine and
triitodothyronine, and is included in the NICE
treatment algorithms. In clinical application,
augmentation should be tailored to the patient's

interaction, prior response and risk. In summary,
there are classes of antidepressant
medications with a variety of mechanisms, effects,
and drawbacks. SSRI's stay as a first line choice
due to tolerability and safety. SNRIs can be useful

many

if you want to increase noradrenaline activity or to
help to control pain. TCAs and MAOIs are
effective but have a limited use due to side effects
and concerns. Atypical antidepressants can be
used to select the antidepressants more specifically
according to the type of symptoms, whereas
melatonergic drugs can be used to treat circadian
disturbance. Partial responders and treatment-
resistant cases should be treated with combination
and augmentation strategies. This modern clinical
practice is not just to prescribe an antidepressant,
but to choose, monitor, tailor, and individualize
treatment until remission and functional recovery

clinical presentation, physical status, drug are realized [58].
Table 1: Commonly Used Antidepressant Drugs
Drug Name Class Main Mechanism of Common Clinical Common Adverse
Action Use Effects
Fluoxetine Selective Inhibits serotonin Major depression, Nausea, insomnia,
Serotonin reuptake and increases anxiety disorders, headache, sexual
Reuptake serotonin level in OCD, bulimia dysfunction, anxiety,
Inhibitor synaptic cleft nervosa GI upset
Sertraline Selective Blocks serotonin Depression with Diarrhea, nausea,
Serotonin reuptake transporter anxiety, panic tremor, insomnia,
Reuptake and enhances disorder, PTSD, sexual dysfunction
Inhibitor serotonergic OCD
neurotransmission
Escitalopram Selective Selectively inhibits Major depressive Nausea, fatigue,
Serotonin serotonin reuptake disorder and sweating, sleep
Reuptake generalized anxiety disturbance, sexual
Inhibitor disorder dysfunction
Paroxetine Selective Increases serotonin Depression, anxiety Weight gain,
Serotonin concentration by disorders, panic sedation, dry mouth,
Reuptake blocking serotonin disorder sexual dysfunction,
Inhibitor reuptake withdrawal
symptoms
Venlafaxine Serotonin— Inhibits reuptake of Depression, anxiety Nausea, sweating,
Norepinephri serotonin and disorders, treatment- | insomnia, increased
ne Reuptake norepinephrine resistant depression blood pressure,
Inhibitor withdrawal
symptoms
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Duloxetine Serotonin— Enhances serotonin Depression with Dry mouth, nausea,
Norepinephri and norepinephrine neuropathic pain, dizziness, fatigue,
ne Reuptake transmission fibromyalgia, chronic | sweating, increased
Inhibitor pain BP
Amitriptyline Tricyclic Blocks serotonin and Depression with Sedation, dry mouth,
Antidepressa norepinephrine insomnia, chronic constipation, weight
nt reuptake; also blocks pain, migraine gain, postural
muscarinic, histamine, prophylaxis hypotension, cardiac
and alpha receptors toxicity
Nortriptyline Tricyclic Inhibits Depression, Dry mouth,
Antidepressa norepinephrine and neuropathic pain, constipation,
nt serotonin reuptake elderly patients when | dizziness, sedation,
TCA is needed arrhythmia risk
Bupropion Atypical Inhibits dopamine and Depression with Insomnia, dry
Antidepressa norepinephrine fatigue, low mouth, anxiety,
nt / NDRI reuptake motivation, smoking | tremor, seizure risk
cessation at high dose
Mirtazapine Atypical Blocks alpha-2 Depression with Sedation, increased
Antidepressa | receptors and increases | insomnia, anxiety, appetite, weight
nt / NaSSA norepinephrine and weight loss, poor gain, dry mouth
serotonin release appetite
Trazodone Serotonin Blocks 5-HT2 Depression with Sedation, dizziness,
Antagonist receptors and weakly insomnia orthostatic
and inhibits serotonin hypotension, rare
Reuptake reuptake priapism
Inhibitor
Vortioxetine Multimodal Inhibits serotonin Depression with Nausea, headache,
Antidepressa reuptake and cognitive symptoms dizziness, sexual
nt modulates serotonin such as poor dysfunction
receptors concentration
Agomelatine | Melatonergic MT1/MT2 receptor Depression with Headache, dizziness,
Antidepressa | agonist and 5-HT2C sleep and circadian | nausea, liver enzyme
nt receptor antagonist rhythm disturbance elevation
Phenelzine Monoamine Inhibits monoamine Atypical depression, Weight gain,
Oxidase oxidase enzyme and treatment-resistant postural
Inhibitor increases serotonin, depression hypotension, sexual
norepinephrine, and dysfunction,
dopamine hypertensive crisis
with tyramine foods
Tranylcypromin | Monoamine Irreversibly inhibits Severe or resistant Insomnia, agitation,
e Oxidase monoamine oxidase depression hypertension risk,
Inhibitor and increases drug and food
monoamines interactions

4. Emerging Drug Targets in Depression

The drug treatment of depression has traditionally
centered on monoaminergic neurotransmitters,
including serotonin, noradrenaline and dopamine.
While this is the case with SSRI's, SNRI's, TCA's,
and atypical anti-depressants, there is still a
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significant number of patients who experience
delayed responses, partial success, relapse, and/or
treatment resistance. This restriction has been a
driving force for the evolution of newer
antidepressant approaches that aim to modulate

mechanisms  beyond the  monoaminergic
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pathways. In the current treatment of depression,
the glutamatergic system, the GABAergic system,
neurosteroid pathways, orexin receptors and
systems of opioid receptors,
inflammatory pathways, neurotrophic signaling,

immune-

and the gut-brain axis are increasingly the focus of
drug discovery. A systematic review of approved
and pipeline treatments indicated that a large
proportion of the developments of antidepressant
drugs in recent years and in late-stage clinical trials
target mechanisms beyond the classical
monoamine hypothesis, including the NMDA
receptor, the GABA-A receptor, and the kappa-
opioid receptor [59].

4.1 NMDA Receptor Modulators

N-methyl-D-aspartate receptors are glutamate
ionotropic receptors that play a role in synaptic
plasticity,  learning, excitatory
neurotransmission, and remodeling of neural
circuits. There has been a strong association of

memory,

abnormal glutamatergic transmission to the
pathophysiology of depression, particularly
treatment-resistant depression. Excessive

glutamate exposure, due to the effects of chronic
stress, inflammation, and impaired glutamate
uptake by cells of the glia, can disrupt the balance
of glutamate and cause either excitotoxicity or a
decrease in adaptive synaptic signaling. So,
NMDA receptor modulation is one of the most
significant novel strategies for antidepressant drug
discovery [60]. The most famous NMDA receptor
modulator that has rapid antidepressant properties
is Ketamine. Ketamine is a noncompetitive
NMDA receptor antagonist that may result in rapid
improvement of depressive symptoms for certain
patients with treatment-resistant depression.
Antidepressant effect goes beyond just NMDA
blockade. Existing models propose that ketamine
specifically targets NMDA receptors on
GABAergic interneurons and causes a brief
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release of glutamate. This glutamate release leads
to activation of glutamate receptors, including
AMPA receptors, and is followed by an activation
of intracellular pathways, including mTOR,
BDNF and signaling related to synaptogenesis.
These changes at the outlet may reset the normal
connections that exist in the prefrontal cortex and
other parts of the brain involved with mood.
Ketamine and esketamine are reported to be
paradigm examples of swift-acting glutamatergic
antidepressants, with NMDA and AMPA
receptors being key targets for rapid antidepressant
effects. The S-enantiomer of Ketamine is an
important clinical example of NMDA receptor
targeting therapy (Esketamine). According to the
FDA-approved label, Spravato is a noncompetitive
NMDA receptor antagonist labeled for treating
treatment-resistant depression as a monotherapy or
in combination with an antidepressant medication
in adults; and treatment of depressive symptoms in
adults with major depressive disorder and acute
suicidal ideation or behavior. The change in
depression pharmacotherapy is very significant
due to the mechanism of action of esketamine,
which is glutamatergic rather than serotonin or
norepinephrine transporter. But limitation is there
with the modulation of NMDA receptor. Ketamine
and esketamine do need clinical supervision
because of their dissociative, sedative effects,
blood pressure elevation, potential for abuse, and
need for monitoring. Some of the side effects listed
on the FDA label for Spravato include sedation,
somnolence, tachycardia, vertigo and dissociation
effects. As such, future development of NMDA
targeted antidepressants rely on the
development of more
dissociative, safer and more selective compounds
that would retain the rapid antidepressant efficacy,
but with reduced adverse effects [61]. NMDAR-
dependent  Long-term  Depression  (LTD)
Mechanism mentioned in Fig.1.

will

orally active, non-
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Fig.1: NMDAR-dependent Long-term Depression (LTD) Mechanism

4.2 AMPA Receptor Potentiators
There is another large class of ionotropic
glutamate receptors known as the alpha-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid

receptors. AMPA receptors are crucial for synaptic

strengthening, neuronal communication, and
neuroplasticity and play a key role in fast
excitatory synaptic transmission. Key

abnormalities in depression involve impaired
synaptic plasticity and decreased connectivity in
circuits involved in the regulation of mood. AMPA
receptor potentiation is intended to correct these
deficits by increases in the activation of excitatory
synapses and adaptive plasticity. Activation of
AMPA receptors seems to be required for the fast
antidepressant effects of ketamine. The release of
glutamate caused by NMDA receptor blockade
activates the AMPA receptor, which turns on
downstream molecular pathways that promote
BDNF release, mTOR signalling, dendritic spine
growth and synaptogenesis. These processes may

£
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repair or reverse stress-induced loss of synapses in
these areas. The reviews of rapid antidepressant
drugs highlight that there are several pathways
through which they exert their rapid antidepressant
effects that converge on NMDA/AMPA/BDNF-
induced plasticity [62]. AMPA receptor
potentiators, also referred to as "ampakines," are
currently being investigated as a novel class of
antidepressant medications due to their potential to
directly stimulate AMPA receptor signaling
without causing the dissociative effects seen with
NMDA receptor blockade by ketamine. The
theoretical benefit of AMPA potentiation is that it
could reinforce synapse function, enhance
cognitive symptoms and facilitate repair of the
neural system. Depression is associated with
cognitive impairment, low motivation, decreased
emotional flexibility, and poor executive function;
adding that to a patient's depression symptoms
would make AMPA-based therapies useful.
Depression to be a

continues largely

2036 |Page



Rohit Kumar, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 7, 2019-2049 | Review

investigational area for AMPA receptor
potentiators, despite the biological rationale.
Challenges include ensuring that receptors are
optimally activated, that excitotoxicity does not
occur, that there is long-term safety, and that
patients who will benefit most are selected.
However, a high AMPA activation can be
detrimental, and future drugs designed to target the
AMPA receptor will need to improve plasticity
without neurotoxicity or seizures. The AMPA
receptor pathway is thus, better known as a
potential promising downstream mechanism of
rapid antidepressant activity, rather than as an
established class of clinical treatments [63].

4.3 GABAergic System Targets

The predominant inhibitory neurotransmitter in
the central nervous system is GABA. Emotional
regulation demands a balance between excitatory
(glutamatergic) and inhibitory (GABAergic)
signaling. During depression, this excitatory-
inhibitory balance can be disturbed, leading to
increased anxiety, insomnia, emotional over-
reactivity, rumination, decreased ability to tolerate
stress, and changes in the activity of the cortical
networks. The GABAergic system is a potential
target for treatment because GABA levels were
found to be decreased in several neurobiological
models of depression and because GABAergic
signaling is impaired [64]. One of the most
clinically relevant advances in the field of
depression is the identification of the development
of allosteric modulators of the GABA-A receptor
which are neuroactive steroids. Neurosteroid drugs
that modulate GABA-A receptor are examples of
such  drugs, including Brexanolone and
zuranolone. The significance of Zuranolone is that
in August 2023, it became the first oral drug
approved by the FDA for treating postpartum
depression in adults. According to reviews
zuranolone is an oral neuroactive steroid
antidepressant and a positive allosteric modulator
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of GABA-A receptor. There is a strong rationale
for modulation of GABA-A receptors in
postpartum depression due to the rapid hormonal
shifts that occur following delivery, which could
impact on neurosteroid levels and GABAergic
function. Allopregnanolone is a neurosteroid that
has a positive effect on the GABA-A receptor and
is involved in the regulation of stress, mood and
inhibition.  Disruptions in the
system can predispose to the

neuronal
neurosteroid
development of mood symptoms. Zuranolone and
related drugs are designed to restore inhibitory
tone and enhance mood faster than traditional
antidepressant medications. GABAergic drugs
have other applications in addition to postpartum
depression. Inpatients with major depression often
suffer from insomnia, agitation, anxiety and stress-
related hyperarousal. GABA-A modulators
increase inhibitory neurotransmission and could
help dampen the hyperactivity of neural circuits,
which in turn could help to regulate mood.
GABAergic drug development, however, must be
done with caution to prevent the undesirable
effects of sedation, cognitive slowing,
dependence, respiratory depression and abuse
potential. Neuroactive steroid modulators can
offer an alternative mechanism, but somnolence
and dizziness are clinically significant adverse
events. A Cochrane review of zuranolone for
postpartum depression published in 2025 suggests
that it may be effective for the treatment of
depression response and remission, but also may
be associated with an increase in maternal adverse
events, compared with placebo treatment [65].

4.4 Orexin Receptor Modulators

The lateral hypothalamus synthesizes the
neuropeptides called orexins (or hypocretins).
They control sleep-wake cycles, arousal, food
intake, reward processing, stress and energy
balance. Sleep disturbance is often seen with
depression, such as insomnia, waking up too early,
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hypersomnia, nonrestorative sleep and circadian
rhythm disturbances. Sleep and mood regulation
are tightly intertwined, and the orexin system has
become an attractive target in the context of
depression, particularly those patients with major
depression with insomnia [66]. The Orexin
receptor antagonists (ORAs) were initially created
These agents inhibit
promoting orexin signaling, and enhance the
initiation and maintenance of sleep. In more recent
studies, it has been evaluated whether orexin
receptor antagonists can also be used directly or
indirectly to alleviate depressive symptoms, via

for insomnia. wake-

their effect on sleep and circadian regulation. A
systematic review in 2025 found that orexin
receptor antagonist are predominantly insomnia
medications, but there is preliminary evidence for
their  effectiveness in major depression.
Seltorexant is an investigational agent on a list of
drugs that are the most important in this area. It is
an orexin-2 receptor antagonist which is being
investigated as an adjunctive treatment in
depression  with symptoms. The
biological logic is that hyperarousal, perhaps
related to overactive orexins, could exacerbate
sleep problems and stress response, anxiety, and
depressive Orexin-2  receptor
antagonism potentially can enhance sleep quality
and mood effects through the decreases in
pathological hyperarousal. We were introduced to

insomnia
symptoms.

the orexin receptor antagonists in a narrative
review that described and summarized their use as
a novel class of drugs originally developed for
insomnia, and used as add-on treatments in
depressed patients who were resistant to, or who
did not respond optimally to, conventional
antidepressants. Insomnia is especially pertinent in
the context of the orexin target because insomnia
is not simply a symptom of depression, but can
also be a predictor of depression relapse,
negatively influence on antidepressant treatment
effectiveness, and be a risk factor for suicide. A

=,
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drug that enhances sleep architecture (REM/Stage
4) along with a reduction of depressive symptoms
could have useful clinical properties. Orexin
receptor modulators are not yet proven to be
conventional antidepressants, however. There are
also emerging data and a need for additional large,
long-term trials to identify the most responsive
patient populations, to clarify how these drugs will
be used in combination with antidepressants, and
to answer the question of whether the
antidepressant effect is sleep independent [67].

4.5 Kappa Opioid Receptor Antagonists
Reward, pain, stress response, emotional
regulation, motivation, and social bonding are all
functions of the opioid system. In particular, the
kappa opioid receptor has garnered particular
interest in the field of depression, as it is stimulated
by dynorphin, an endogenous opioid peptide that
is secreted during times of stress. Hyperactive
Dynorphin-Kappa Opioid Receptor Signaling is
linked to dysphoric mood, anhedonia, stress-
induced changes in behavior, and decreased
sensitivity to reward. Anhedonia is one of the most
fundamental symptoms of depression, making the
kappa opioid receptor antagonists an emerging
potential drug target. The kappa opioid receptor
antagonists are developed to block the negative
affective states that result from dynorphin effects.
These agents could help to normalize the
functioning of the reward pathway and alleviate
symptoms like loss of pleasure, loss of motivation,
emotional numbing and stress-induced depressive
behaviors caused by excessive kappa signaling
[68]. It works differently to standard
antidepressants, ~which  primarily act on
monoamine reuptake, and instead works on stress-
reward circuitry. Selective kappa opioid receptor
antagonists include aticaprant and navacaprant
that have been studied in the treatment of major
depressive disorder. In 2024, a systematic review
indicated that both aticaprant (as an adjunctive
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therapy) and navacaprant (as a monotherapy) were
under development for major depressive disorder
and that both agents had been able to demonstrate
a reduction in depressive symptoms in clinical
trials, with tolerable adverse events. Navacaprant
has also been investigated as a highly selective
kappa opioid receptor antagonist in adult patients
with major depression. This field is also an
example of the ambiguity of emerging targets.
Progress in clinical development has been mixed
with some late-stage trials failing to meet their
earlier expectations. In March 2025, Reuters
reported that Johnson & Johnson would abandon
late-stage trials of aticaprant for the treatment of
major depressive disorder because of its lack of
Thus, kappa opioid receptor
antagonism 1is a biologically interesting, but
clinically unproven, strategy. The future of its use
may rely on improved patient selection, including
using patients with higher levels of anhedonia,
stress-related depression, or biomarkers for

effectiveness.

activation of the dynorphin pathway [69].

4.6 Anti-inflammatory Targets

Inflammation has come to be regarded as a key
biological factor in a subset of depressed patients.
Many studies have found increased inflammatory
markers such as C-reactive protein, interleukin-6,
tumor necrosis factor-alpha, interleukin-1 beta,
and other cytokines in some patients with major
depressive  disorder.  Blood-brain  barrier
signaling, vagal pathways, immune cell
trafficking, microglial activation, and altered
neurotransmitter metabolism are all inflammatory
signals that can impact the brain. An overview of
2024 noted that neuroinflammation, peripheral
inflammation, gut dysbiosis are all significant
mechanisms in major depressive disorder's
pathophysiology [70]. Cytokines, inflammatory
enzymes, microglial activation  pathways,
oxidative stress pathways, and inflammasomes are
anti-inflammatory targets in depression. An
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important pathway is the NLRP3 inflammasome,
a protein complex that activates the cytokines
interleukin-1 beta and interleukin-18. Mechanisms
of Anti-Inflammatory in CNS-related diseases
mentioned in Fig.2. NLRP3 inflammasome
components and pro-inflammatory cytokines have
been found to be increased in people with major
depression, and the inflammasome is suggested to
be a therapeutic target for major depression.
Depression symptoms may occur in inflammation
for a number of reasons. There are two separate
mechanisms by which cytokines can decrease
serotonin availability: firstly, they might affect the
metabolism of tryptophan and cause it to follow
the kynurenine pathway, and secondly, they can
inhibit the production of serotonin by blocking its
synthesis. This could raise levels of neurotoxic
metabolites like quinolinic acid that can activate
NMDA receptors and promote glutamatergic
excitotoxicity.  Second, inflammation
decrease activity in reward pathways, resulting in

may

anhedonia, fatigue, psychomotor slowing and low
motivation. Third, cytokines may disrupt BDNF
signaling and neuroplasticity, resulting in less
neuronal resiliency. Finally, chronic inflammation
can stimulate microglia and lead to oxidative
stress, which can harm synapses and neural
networks. The wuse of nonsteroidal anti-
inflammatory  drugs, cytokine inhibitors,
minocycline, omega-3 fatty acids, statins and
NLRP3 related drugs as adjunctive treatments in
depression has been explored [71]. A systematic
review and meta-analysis published in 2024
indicate that anti-inflammatory medications, when
used as an adjunct to antidepressant treatment,
have demonstrated antidepressant effects in
comparison to the placebo group, although there is
a concern for heterogeneity and the selection of
patients. A clinical future for this area is likely to
depend on the identification of an ‘inflammatory
subtype' of depression, based on biomarkers like
CRP, IL-6, TNF-alpha, immune gene signatures or
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others. It is not recommended to use anti-
inflammatory medications as a general treatment
for depression. Depression is also heterogeneous
and not all patients have clinically significant

inflammation. The most logical way to do this is to

Anti-inflammatory drugs

o COX-2 inhibitors
e NSAIDs
..

» Tetracycline
derivative .
* Cytokine inhibitors

* Statins
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use biomarker-directed treatment, using anti-
inflammatory agents in individuals who have high
inflammatory markers or inflammatory conditions
like obesity, autoimmune disease, metabolic

syndrome, or chronic pain [72].
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Fig.2: Mechanisms of Anti-Inflammatory Response in CNS-Related Diseases

4.7 Neurotrophic Factor-Based Targets

Neurotrophins proteins which promote
neuronal  survival, growth, differentiation,
synaptic plasticity and remodeling of brain
circuits. Of these, the best studied is brain-derived
neurotrophic factor (BDNF). BDNF is required for
neurogenesis in the hippocampus, formation of

arc

dendritic spines, strengthening of synapses and
emotional learning. Impaired neuroplasticity has
been linked to depression, and chronic stress has
been shown to decrease BDNF signaling in areas
of the brain, including hippocampus and prefrontal
cortex. The neurotrophic hypothesis suggests that
depression is associated with loss of neurotrophic
support and synaptic plasticity and that therapeutic
antidepressant treatment improves neuroplasticity.
BDNF is a key factor in neuronal survival and
growth and is involved in synaptic communication
and plasticity. Low BDNF levels also have been
linked with depression, and antidepressant
medications can elevate BDNF levels, thereby
promoting neurogenesis and better mood [73].
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Targets based on the role of the neurotrophin
include BDNF, the TrkB receptor, downstream
mTOR  signaling, = CREB-mediated  gene
expression, dendritic spine formation pathways,
and synaptic proteins. The rapid antidepressant
effect of Ketamine may be related to the release of
BDNF and activation of pathways that promote the
growth of synapses. Likewise, the use of
conventional antidepressants could attempt to
enhance depression, very likely by slowly raising
BDNF expression and neuroplastic adaptation
over the course of weeks. That is why it sometimes
takes time to respond to antidepressants despite
rapid changes in neurotransmitter levels. Direct
BDNF therapy is challenging due to the large size
of BDNF and its lack of good penetration of the
blood—brain barrier, as well as its complex
receptor action. Hence, the majority of
pharmacological approaches in drug development
target indirect pathways of increasing BDNF—
TrkB signaling or increasing downstream
plasticity. Possible therapeutic targets are TrkB
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agonists, positive modulators of neurotrophic
signaling, mTOR  pathway  modulators,
glutamatergic agents that promote BDNF release,
and agents that counteract the neurotrophic
impairments caused by stress. Neurotrophic
targets are significant because they target the
structural and functional changes in the brain that
are associated with depression. The strategies are
not about just boosting
concentrations, but about correcting the distorted
circuits, enhancing emotional flexibility and
restoring cognitive function. Too much or
unregulated stimulation of growth pathways,
however, could pose dangers; thus,
therapies will need to produce targeted and
controlled plasticity enhancement [74].

neurotransmitter

future

4.8 Gut Microbiota-Based Therapeutic Targets
The gut microbiota is now recognized as a crucial
regulator of mood, stress response, immunity,
metabolism and brain function. The gut—brain axis
is the link between the gastrointestinal tract and the
central nervous system via neural, immune,
endocrine and metabolic pathways. The activity of
gut  bacteria affect neurotransmitter
production, short chain fatty acid production,
metabolism of tryptophan, signaling through the
vagus nerve, integrity of the intestinal barrier, and
inflammatory responses. When microbial balance
is disrupted (dysbiosis) it could play a role in the
development of depression by increasing

can

inflammation, disrupting the regulation of stress
hormones, and affecting neuroplasticity [75].
Experimental targets are the use of probiotics,
prebiotics, synbiotics, psychobiotics, dietary fibre,
fermented food, postbiotics, short-chain fatty acid
pathways and faecal microbiota transplantation.
Psychobiotics are live microbes or one that targets
the microbiota and thus can have a beneficial
effect on mental health via gut-brain signaling.
First, beneficial bacteria can help lower systemic
inflammation by helping to maintain gut barrier
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function and limit translocation of inflammatory
bacterial products. Second, the microbiota affect
intestinal metabolism of tryptophan, affecting the
synthesis of serotonin and the activity of
[76]. Lastly, bacterial
metabolites, including short-chain fatty acids, may
impact microglial function, blood—brain barrier
integrity, and neuroplasticity [77]. Fourth, gut
bacteria communicate with the HPA axis and can

kynurenine pathway

impact cortisol's reaction to stress. Fifth, signals
run directly from the gut to the brain via the vagus
nerve. The use of microbiota-based therapy is
appealing as it could have fewer safety and
tolerability of the
pharmacologic treatments, and may also be more
tolerated [78]. It could be particularly important in
patients with  depression experience
gastrointestinal symptoms, inflammatory disease,
metabolic  dysfunction, poor diet, taking
antibiotics, and stress-induced dysbiosis. But it's
still a developing field. At present, there is

issues than a number

who

insufficient evidence to recommend using

probiotics or microbiota intervention as a
substitute for traditional antidepressant treatment
for moderate to severe depression. There are
several significant drawbacks, such as strain-
specific effects, inconsistent formulations, and
small trials, inconsistent dosing, and a lack of
clarity about long-term results. As a whole, the
new targets that emerged for depression treatment
demonstrate a significant transition from a
monoamine-based approach to a systems-based
approach to the regulation of mood [79]. NMDA
receptor modulators and AMPA receptor
pathways are associated with rapid synaptic
plasticity, GABAergic neurosteroid modulators
are associated with restoring an inhibitory balance,
orexin receptor antagonists are associated with
sleep-wake and arousal dysfunction, kappa opioid
receptor modulators are associated with anhedonia
in stress-related depression, anti-inflammatory

drugs are associated with immune-mediated
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depression,  neurotrophic  approaches  are
associated with repairing impaired plasticity, and
gut microbiota-based therapies are associated with
the connection between metabolism, immunity,
and brain function. These are all encouraging
targets that aim to tackle various biological forms
of depression, but a lot of them are yet to be
validated, patient-specific using biomarkers and
extensively tested for safety and efficacy over a
long period of time before they become available
as a standard clinical treatment [80].

FUTURE PERSPECTIVES

Pharmacological treatment of depression is taking
a newer and more personalized direction with
quick, safe and efficient treatments. Conventional
antidepressants, including SSRIs, SNRIs, tricyclic
and atypical antidepressants, are helpful, but have
several drawbacks such as slow onset of action,
partial effects,
resistance, and relapse. Thus, alternative models of
drug development beyond the monoamine
hypothesis need to be developed in the future.
Pioneered by the rapid-acting antidepressants like
ketamine and esketamine, this research direction

response, adverse treatment

has sparked a new focus on glutamatergic
signaling, synaptic plasticity, and the modulation
of NMDA receptors. New compounds that are
safer NMDA receptor modulators, AMPA
receptor potentiators, or drugs with both BDNF
neuroplasticity activity but no dissociation or
abuse potential are likely to be added to future
therapies. GABAergic neurosteroid modulators
are important too and particularly for depression
related to hormonal shifts, stress dysregulation and
inhibitory neurotransmission dysfunctions. A
second promising treatment is the one based on
inflammation. A subpopulation of depressed
patients has elevated inflammatory markers,
suggesting that anti-inflammatory and
immunomodulatory medications may prove to be
beneficial in  biomarker-selected patients.
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Likewise, the gut—brain axis is a new avenue of
therapy, and probiotics, prebiotics, psychobiotics,
and microbiota-based therapies could be used as
adjuncts to conventional antidepressant treatment.
The field of personalised medicine will be a big
part of future depression management. The use of
Pharmacogenomics, Biomarker guided therapy,
Neuroimaging, Digital monitoring and Al can help
to predict drug response, reduce side effects and
choose optimal therapy for the individual. Future
treatment can be guided by biological subtype and
symptom profile, genetic background,
inflammatory status and patient-specific risk
factors rather than trial and error. In general, it is
expected to be a combination of existing
psychotropic drugs and novel mechanism-based,
lifestyle-based, psychotherapy, and precision
medicine-based treatment approaches that will be
combined in the future to achieve faster
antidepressant remission, improved tolerability,
and long-term functional recovery.

CONCLUSION

Depression is a psychiatric disorder that impairs
mood, cognition, behavior, physical health, social
functioning and quality of life and is a complex
and heterogeneous disorder. Multiple interrelated
mechanisms have been proposed to underlie its
pathophysiology, such as monoaminergic
imbalance, dysregulated HPA axis functioning,
neuroinflammation, dysfunction of glutamatergic
neurotransmitter  systems,  dysfunction  of
neuroplasticity, reduction of BDNF signaling, and
a dysfunction of communication between the gut
and the brain. Thus, depression cannot be
considered solely as a mere lack of serotonin or
other monoamines. A number of the existing drugs
used for depression remain relevant to clinical
practice, including selective serotonin reuptake
inhibitors, serotonin—norepinephrine reuptake
inhibitors, tricyclic antidepressants, monoamine
oxidase inhibitors, atypical antidepressants, and
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melatonergic drugs. These medicines work well
for many people, and are still the mainstay of drug
treatment. The major drawbacks are however
delayed onset of action, side effects, non-
responsiveness to treatment, recurrence and
treatment resistance. There have been some recent
developments in understanding depression beyond
the monoamine treatments. There are novel targets
including NMDA receptors, AMPA receptors,
GABAergic systems, orexin receptors, kappa
opioid receptors, inflammatory pathways,
neurotrophic factors and gut microbiota which
may provide directions for future drug
development. Emerging evidence of the role of
glutamatergic signaling and synaptic plasticity in
antidepressant response has been provided by
rapid-acting agents like ketamine and esketamine.
In general, the current pharmacological treatment
of depression is moving towards mechanism-
based and personalized therapy. Future research
directions should include the development of more
rapidly acting drugs, better safety, treatment based
on biomarkers, pharmacogenomic,
combination of pharmacological treatment and
psychotherapy and lifestyle  modification.
Clinicians will better be equipped to select
appropriate  therapy, optimize
minimize relapse and optimize functional recovery
into the future with a better understanding of the
biological diversity of depression.

and a
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