
ABSTRACT
Depression is a serious mental health condition with an average incidence rate of 4.4 percent worldwide. The pathophysiology of 
depression is generally linked to the monoamine neurotransmitter reduction, disturbed hypothalamus–pituitary–adrenal (HPA) axis, 
heightened oxidative load and altered neuroplasticity. Antidepressants have historically targeted monoamine neurotransmitters and 
HPA-axis hyperactivity restoration. However, there is mounting evidence that neuroinflammation and immunological dysregulation, 
specifically involving microglia, are key factors in depression. Thus, we aimed to explore the insights of antidepressant drugs in terms 
of their ability to mitigate the microglial activity and modulations of their phenotype functioning.  In the present review, we have 
highlighted the biological basis of some common clinically used antidepressants (like SSRIs, TCAs, MAOIs, NMDA receptor antagonists) 
and relevant therapeutic targets (like immunomodulators, anti-inflammatory molecules, PPAR γ agonists), and attempted to provide 
insights about the role of microglial activity and phenotype shifting in normalizing depressive-like behaviours. We observed that most 
of the antidepressants are working through modulating redox state, maintaining inflammatory response, restoring synaptic plasticity, 
enhancing neurogenesis factors, and regulating monoamine levels. Interestingly all these mechanisms are directly associated with 
microglial activation specially in brain structures which are involved in the pathophysiology of depression such as frontal cortex and 
hippocampus. This review provided a new perspective of evaluating antidepressant potential of various already used and upcoming 
novel drugs based on microglial perturbations in the CNS.
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INTRODUCTION
Depression is a severe mental illness marked by a lessened 
ability to enjoy life and a constant sense of despair. Increasing 
stress in today's lifestyles is a significant factor contributing 
to depression. According to the WHO, there are currently 
over 350 million people who suffer from depression, with 
an average incidence rate of 4.4% worldwide.1 Depression 
is predicted to become the leading cause of non-fatal 
health loss globally and to have the highest global illness 
burden by 2030.1 It involves multiple interacting systems, 
such as neurochemical, neuroendocrine, immune, and 
neuroplasticity. So far, the primary focus in explaining 
the etiology of depression is linked to the monoamine 
neurotransmitter depletion, perturbed hypothalamus–
pituitary–adrenal (HPA) axis, enhanced oxidative load and 
neuroplasticity hypothesis.2 Hence the focus of finding 
antidepressants is also mostly confined to these well-
defined pathways. However, there are numerous limitations 
associated with these pathological mechanisms in terms of 
explaining the delayed and diverse effects of antidepressants 
and lack of insights into their biological processes. 

Commonly, selective serotonin (5-HT) and norepinephrine 
(NE) reuptake inhibitors; SSRIs/SSNIs, tricyclic antidepressants 
and other medications are used for depression.3 However, 
a variety of adverse effects, including nausea, dry mouth, 
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light-headedness, weight gain, sexual dysfunction, 
withdrawal symptoms, habit formation, or even drug 
tolerance, may result from these treatments.3 Furthermore, 
separate molecular pathways still need to be carefully 
identified to target different types of depression across 
diverse age groups and comorbidities, even if there are CNS 
commonalities in neuroinflammation, neurotoxicity, aging, 
and depression-related changes. Additionally, most of the 
antidepressant-related research is focused only on neurons, 
whereas the involvement of other cells of CNS is generally 
overlooked. Thus, it is critical to search for antidepressants 
with different strategies based on new cellular and 
molecular insights studied in last decade or so.

The immune cells that reside in the brain are called microglial 
cells. They are referred to as the "housekeepers" of the brain 
and are representative of the main immune system of the CNS. 
Microglial populations, which make up 10% of all glial cells, are 
widely dispersed throughout the brain, with higher densities 
observed in the substantia nigra and hippocampus regions.4,5 
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In some recent reports, there are clear indication that 
depression is associated with microglial cell activity.6 Reports 
suggest that microglial phenotype functional changes 
are associated with accumulation of genetic instability/
mutations, epigenetic regulations, altered synaptic 
plasticity, buildup of toxic substances (iron, free radicals, 
misfolded/aggregated proteins), impaired proteostasis and 
mitophagy, mitochondrial and lysosomal dysfunctions, 
heightened neuroinflammation, impaired cell cycle arrest, 
reduced cognition and impaired neurotransmission.4, 7-11

Careful examination of these pathways indicated that 
microglial-induced changes are mostly related to the 
pathological alterations and molecular pathways that 
are common to the development of microglial-induced 
aging and progression of depression.6 This intrigued us to 
review the possible involvement of microglial mitigation 
in various known and novel antidepressant strategies and 
discuss their probable direct or indirect involvement in 
modulating the treatment of depression like pathologies. 
Microglial mitigation refers to strategies aimed at reducing 
or modulating the activation of microglia, especially in 
pathological conditions like depression, neurodegenerative 
diseases, and chronic stress. The objective of this review 
is offering the understanding of a new path of study of 
antidepressant drugs in terms of their ability to mitigate 
the microglial activity and modulations of their phenotype 
functioning. 

Crosstalk between Microglial Activity and 
Antidepressants
In this section we have encompassed various antidepressants 
agents and therapeutic targets to analyze how they are 
exerting their antidepressant effects, and whether there 
is an association of their biological activity with microglial 
activation and phenotypes. Knowing how microglia 
modulate in antidepressants activity could help researchers 
create fresh approaches in treating this debilitating mental 
health condition. Microglia regulation has been suggested 
as a potentially useful treatment approach for several 
neurological conditions that resemble depression.

Selective Serotonin Reuptake Inhibitors 
The most used class of antidepressants are Selective 
Serotonin Reuptake Inhibitors (SSRIs), which include 
citalopram and fluoxetine. They increase serotonin (5-
HT) availability in the synaptic gap by preventing its 
reabsorption into presynaptic neurons. According to some 
recent reports, SSRIs may modulate microglial activation 
in addition to serotonin neurotransmission to partially 
alleviate depression.12 The biological basis of such effects 
of SSRIs can be linked with their ability to reduce pro-
inflammatory cytokines (IL-1β and TNF-α etc) produced by 
primed microglia.4,10 Microglial morphology can be broadly 
categorised into three phenotypes (resting, M1 and M2), 

which are indicative of their functional condition.13 Resting 
morphology involved in maintaining homeostasis.14-16 
M1 helps inflammation through enhancement of immune 
mediators like TNF-α, IL-1β, IL-6 and promoting oxidative 
stress with a stimulus of LPS, IFN-γ, DAMPs and pathogens.10,17 
M2 suppresses inflammation and leads to repair and 
regeneration mechanisms and involved in expressing 
anti-inflammatory interleukins such as IL-10, stimulated 
by IL-4 and IL-13 etc.4,14 SSRIs may shift microglia from M1 
to M2 phenotype, thereby reducing neuroinflammation 
and promoting neuroplasticity. The primary initiators of 
antidepressant activity are neurogenesis and synaptic 
remodelling; SSRIs and microglial-derived substances, 
like brain-derived neurotrophic factor (BDNF), may act 
synergistically to reduce depressive like symptoms.18

Tricyclic Antidepressants
Tricyclic Antidepressants (TCAs) like clomipramine and 
imipramine are known to block the reuptake of 5HT and NE 
thus increasing their synaptic levels and reversing depressive 
behaviors.  These conventional antidepressants encourage 
anti-inflammatory microglia to become activated (M1 to M2 
phenotype shift) to produce neurotrophic factors like BDNF 
and anti-inflammatory interleukins, indicating that TCAs 
may have an anti-inflammatory role.19 Microglial activation 
that includes enlarging their cell bodies and shortening 
their processes casing upregulation of pattern recognition 
receptors and secreting potentially cytotoxic unstable 
species such as nitric oxide, reactive nitrogen and oxygen 
species.14,20 TCAs are associated with the reduction of ROS 
produced by microglia, protecting neurons from oxidative 
damage associated with chronic stress and inflammation 
in depression. TCAs also modulate neuroinflammation and 
glial activity via NF-κB pathways19 Another mechanism 
proposed is that TCAs can modulate HPA-axis via 
glucocorticoid receptor sensitivity and thus normalize 
stress-induced microglial activation.21 Thus, TCAs, though 
classically known for altering neurotransmitter levels, may 
also exhibit immunomodulatory effects via microglial 
perturbations.

Monoamine Oxidase Inhibitors
This class of drugs includes Phenelzine, Selegiline 
etc produce their antidepressant effect via inhibiting 
monoamine oxidase enzymes for example MAO-A and 
MAO-B, thereby limiting the breakdown of neurotransmitters 
such as 5-HT, NE and dopamine (DA). Thus, MAOIs primarily 
work through increasing the availability of monoamines 
in the brain. It is important  to note that microglial cells 
activation are also associated with neurodegeneration 
through perturbed synapse density, plasticity and decreased 
levels of neurotransmitters (5-HT, NE, DA) and their altered 
biosynthetic processes.8,22 Monoamine oxidases (MAO) are 
associated with increase in ROS levels and enhancement of 
neuroinflammation.23 Thus, by inhibiting MAO, Monoamine 
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Oxidase Inhibitors (MAOIs) may mitigate ROS and 
proinflammatory cytokines, thereby decreasing oxidative 
stress and neuroinflammation associated with activation of 
microglia.24

NMDA Receptor Antagonists
The noncompetitive NMDA receptor antagonists such as 
Ketamine known to produce their antidepressant effect 
and promoting the synaptic plasticity by enhancing 
the glutamate signalling through AMPA receptors. 
Although microglia have not traditionally been linked to 
NMDA receptors, new research indicates that, in some 
circumstances, they may express functional NMDA 
receptors.25 The release of inflammatory promoting 
interleukins such as TNF-α and IL-1β, contribute to 
neuroinflammatory processes, has been connected to the 
activation of these receptors on microglia. Thus, NMDA 
receptor antagonists may provide therapeutic effects by 
limiting neuroinflammation and restoring neuroplasticity 
through the modulation of microglial activity.26

Neuroimmune Modulators
These generally belong to anti-inflammatory class of drugs 
such as Minocycline, Celecoxib and TNF-α inhibitors etc. Few 
studies showed that prolong administration of minocycline 
normalizes depressive-like behavior by modulating 
HPA-axis and microglia hyperactivation.27 Minocycline 
mediated a steadiness between pro-inflammation and anti-
inflammation responses in the brain regions responsible 
for depressive-like symptoms such prefrontal cortex, 
hippocampus and amygdala.27 In stress scenarios, these 
medications also contribute to the upregulation of BDNF-
mediated synaptic plasticity.28

Peroxisome Proliferator-activated Receptor 
Gamma
Peroxisome Proliferator-activated Receptor Gamma 
(PPARγ) is a nuclear receptor and transcription factor 
essential for controlling inflammation, metabolism, and 
cellular development. Because of its regulatory effects on 
microglial cells, it has drawn a lot of interest for its role in 
disorders of the CNS, including depression. PPARγ agonists 
such as pioglitazone reduce depressive-like symptoms 
in animal models (Chronic mild stress-treated C57BL/6 
mice) primarily by regulating microglial activation and 
lowering neuroinflammatory responses and reestablishing 
synaptic plasticity and neurogenesis.28 According to these 
results, pioglitazone, an agent that modulates microglia, 
may be a good option for treating depression. Like 
mitochondria, peroxisomal function also deteriorates with 
depression, causing inflammation, neurodegeneration, 
and oxidative stress.29 PPARγ has a crucial role in controlling 
neuroinflammation and microglial activation, two processes 
that are essential to the onset and course of depression. 
Thus, a possible treatment option for reducing depression 

symptoms linked to neuroinflammatory processes is PPARγ 
activation, which promotes anti-inflammatory microglial 
states and increases the release of neuroprotective cytokines.

Future perspective
The CNS's principal immune cells, microglial cells, are 
essential for preserving neural homeostasis. According to 
recent research, microglial activation is a major factor in the 
pathogenesis of depression.4 Neuroinflammation, which is 
really connected to a phenotypic shift of microglia, including 
morphological alterations, increased production of cytokines, 
and oxidative stress products, may have an impact on the 
onset and maintenance of depression.6 These microglial-
induced enhancement of pro-inflammatory cytokines and 
their neurotoxic response are the chief perpetrators behind 
CNS disorders.30 Therefore, the goal of future research 
should be to restore microglial homeostasis to decrease 
the progression of neurodegeneration and modulate the 
antidepressant actions. Finding, evaluating, and applying 
compounds or treatments that can restore the molecular 
mechanisms underlying microglial-induced activation such 
as maintaining an ideal redox state, efficient surveillance 
and phagocytosis, synaptic plasticity, BDNF activation, 
hippocampus function, and monoamine maintenance may 
be the main strategies of the future. Finding treatments 
that can reduce chronic microglial activation without 
compromising their neuroprotective role should be the 
aim of future studies. One such strategy could be targeting 
microglial phenotype switching from M1 (inflammatory 
favouring) to M2 (inflammatory limiting) states that may 
reverse depressive pathology. Also, Potential strategies 
include using PPARγ agonists, IL-10 modulators, and natural 
compounds like flavonoids all these generally work through 
modulating redox state, maintaining inflammatory response, 
restoring synaptic plasticity, enhancing neurogenesis factors, 
and regulating monoamine levels.

CONCLUSION
It is becoming more well acknowledged that microglial 
cells have a part in the pathogenesis and management 
of depression. Antidepressants have historically targeted 
monoamine neurotransmitters (5-HT, DA, and NE) and HPA-
axis hyperactivity restoration. However, there is mounting 
evidence that neuroinflammation and immunological 
dysregulation, specifically involving microglia, are key 
factors in depression, particularly in cases that are resistant 
to treatment. In the present review, we have highlighted 
the biological basis of some common clinically used 
antidepressants (like SSRIs, TCAs, MAOIs, NMDA receptor 
antagonists) and relevant therapeutic targets (like 
immunomodulators, anti-inflammatory molecules, PPAR 
γ agonists), and try to provide insights about the role of 
microglial activity and phenotype shifting in normalizing 
depressive-like behaviours. We observed that most of 
the antidepressants are working through modulating 
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redox state, maintaining inflammatory response, restoring 
synaptic plasticity, enhancing neurogenesis factors, and 
regulating monoamine levels. Interestingly all these 
mechanisms are directly associated with microglial 
activation specially in brain structures which are involved 
in the pathophysiology of depression such as frontal cortex 
and hippocampus. This review highlighted a new horizon of 
evaluating antidepressant potential of various already used 
and upcoming novel drugs and natural compounds based 
on microglial perturbations in the CNS. Therefore, it has 
been suggested that controlling microglia could be a useful 
treatment approach for several neurological conditions 
that resemble depression by directly suppressing microglial 
activation or reprograming their immune responses.
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