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The Neuroinflammation Perspective of Depression: 
Reuniting the Outstanding Mechanisms of the 
Pathophysiology 

Ceren Sahin1, Serdar Dursun2, Mesut Cetin3, Feyza Aricioglu1

ABSTRACT:
The neuroinflammation perspective of depression: reuniting the outstanding 
mechanisms of the pathophysiology 

Major Depressive Disorder (MDD) is a serious mental health problem that leads to patients’ disability and has 
huge impact on social and economic burden to society. The current available medications for the treatment 
of depression are mainly targeted on enhancing monoamine neurotransmission. However, antidepressant 
treatments are still lacking high efficacy in many cases which is associated with low treatment response 
and remission rates. However, the latest knowledge regarding the pathophysiology of depression indicates 
that depression is developed by highly complex and integrated mechanisms in which monoaminergic 
deficiency could only be part of. The paradigm is now shifting from monoaminergic hypothesis to 
significance of other novel mechanisms that could possibly play substantial role for the development 
of depression in a highly inter-related manner. In fact, neuroinflammation, amongst other mechanisms 
does seem to be a key pathological component by having impact on certain pathway pathologies 
including glutamatergic neurotransmission, oxidative processes, neurotropic factors, neurotransmitter 
metabolism, and glucocorticoid functions in the central nervous system (CNS) and in the periphery, thereby 
triggers the pathological alterations that is thought to contribute to the development of depression. The 
neuroinflammation comprehends the processes exampled from excessive pro-inflammatory cytokine 
release to activation of microglia and indolamine 2,3-dioxygenase (IDO) pathway, excessive glutamatergic 
neurotransmission, hyperactive hypothalamus-pituitary-adrenal (HPA) axis, decreased neurogenesis and 
synaptic plasticity. In fact, the antidepressant effect of ketamine as a non-competitive N-methyl-D-aspartate 
(NMDA) receptor antagonist might be at least partially linked to inflammatory modulations. The significance 
of inflammation in depression is not only mentioned by the literature of basic researches from a mechanistic 
aspect but also by the possible clinical implications suggested by the clinical reports. Although the exact role 
of inflammation in depression and its clinical translation have not been determined yet, the inflammation-
mediated point of view might provide novel insights for improving the diagnosis at clinic (e.g., inflammatory 
biomarkers), predicting antidepressant treatment response and thereby re-evaluating the treatment 
strategy. Moreover, with all that, the inflammation aspect raises the question for the possible significance of 
utilizing anti-inflammatory approaches in the treatment of depression.
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INTRODUCTION

Major Depressive Disorder (MDD) is a common 
debilitating and to some extend life-threating 
psychiatric disease with having huge impact on 
social and economic burden to society worldwide.  
According to the World Health Organization 
(WHO) global burden of disease report (updated in 
2004); MDD is estimated to be the first line cause 
for disability and death followed by ischemic heart 
disease by 20301. 
	 Today, it has been more than a half century 
since an iminodibenzyl compound having a 
tricyclic structure was firstly proposed to have 
antidepressant properties which thereafter formed 
the origin of tricyclic antidepressants (TCAs) and 
let to the first FDA approval of a tricyclic agent, 
imipramine, for the treatment of depression in 
19592.
	 Further discoveries on TCAs revealing that 
these molecules blocked noradrenaline and 
serotonin re-uptake in addition to the findings 
regarding the deficiency of brain serotonin levels 
in depressed patients, brought up the conjecture 
of ‘monoamine hypothesis’ in depression3-5. In 
regard with this notion, subsequent treatment 
approaches that are specifically or non-specifically 
t a r g e t e d  t o  e n h a n c e  m o n o a m i n e r g i c 
neurotransmission have been developed with the 
aim of improving treatment response and also in 
some cases precluding undesirable side effects. 
Such approaches still utilized today include 
monoamine oxidase (MAO) inhibitors (e.g., 
moclobemide), dopamine reuptake inhibitor (e.g., 
bupropion), selective serotonin reuptake inhibitors 
(SSRIs)  (e.g. ,  f luoxetine),  serotonin and 
noradrenaline reuptake inhibitors (SNRIs) (e.g., 
venlafaxine), noradrenaline reuptake inhibitors 
(NARIs) (e.g., reboxetine). There are also atypical 
multi-receptor targeted approaches including 
blockage of specific serotonergic (5-HT2C) 
receptors in combination with adrenergic 
receptors (mirtazapine) or melatonergic receptors 
(agomelatine). Most recently, agents with multi-
modal serotonergic action profile which 
compromised of serotonin reuptake inhibition 

(SRI) in addition to multi-target serotonergic 
receptor actions are now being used in the 
treatment of depression with suggested superior 
effects due to their multi-modal mechanism of 
action profile (e.g., vortioxetine, vilazodone) which 
still remains in uncertainty in the clinic. The reader 
is referred to the comprehensive review by Millan 
et al. (2015) for further information regarding to 
the history and evaluation of pharmacotherapy 
available for the treatment of depression6.
	 As briefly highlighted above, the current 
available medications for the treatment of 
depression remain to be mainly restricted to 
monoaminergic  hypothesis  despite  the 
considerable amount of time elapsed from back 
then. However, unfortunately, the treatment options 
that we hold on utilizing today, still lack in high 
efficacy in many cases (60%-65%) leading to low 
treatment response and remission rate even after 
combination therapy7,8. On the other hand, there is 
an ongoing conflict with current medications 
regarding their delayed effect on improving the 
symptoms (requires several weeks, at least) even 
though they increase the brain monoamine levels 
rapidly. This is not only a problem for patients to be 
not able to recover in due time but it also leads to 
patients’ poor adherence which may further results 
in giving up the treatment.
	 Therefore, the current knowledge clearly guides 
us that the pathophysiology of depression cannot 
be easily explained by the monoaminergic basis 
per se, rather it seems to be developed by much 
more complex and integrated mechanisms in 
which monoaminergic deficiency could only be 
part of. At this point, the paradigm is now shifting 
from monoaminergic hypothesis to significance of 
o t h e r  n o v e l  m e c h a n i s m s  s u c h  a s 
neuroinflammation, glutamatergic dysregulations 
and decreased neurogenesis that could possibly 
play substantial role for the development of 
depression in a highly interrelated manner which 
may further drive altered monoaminergic 
neurotransmitter metabolism (Figure 1). In this 
short review, we aim to highlight the inter-relation 
of these mechanisms from a ‘neuroinflammation-
mediated’ point of view.
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Why Neuroinflammation in Depression?

Today, there is growing consensus suggesting that 
inflammatory processes are highly related with the 
occurrence of depression9-11. Individuals with 
immune and/or inflammatory diseases such as 
rheumatoid arthritis, diabetes, systemic lupus 
erythamotosus, psoriasis and cardiovascular 
diseases have been reported to have depressive 
symptoms12-15. On the other hand, basic and 
clinical studies have shown that cytokines, as main 
mediators of inflammatory responses, are elevated 
in depression16-18. Furthermore, certain anti-
inflammatory approaches can reduce depressive 
symptoms19,20, whereas antidepressant treatments 
can alleviate the elevated levels of cytokines in 
some cases21-23. Therefore it has been postulated 
that there might be a reciprocal relationship 
between ongoing inflammatory processes and 
depression24. In fact, at present, it has become 
more than a postulation particularly by the 
evidence of experimental studies shedding some 
light on how inflammation interacts with other 

m e c h a n i s m s  i n c l u d i n g  g l u t a m a t e r g i c 
neurotransmission,  oxidative  processes, 
neurotropic factors, neurotransmitter metabolism 
and glucocorticoid functions in the central nervous 
system (CNS) and in periphery at a molecular basis 
and trigger the pathological alterations that is 
thought to contribute to the development of 
depression24,25. Speaking of the inflammation in 
the brain brings up the term ‘neuroinflammation’ 
which is presented when inflammation reaches to 
the CNS either by the communication of peripheral 
immune mediators with brain (cytokines entering 
the brain) due to an inflammatory condition in the 
periphery (e.g., infection, disease) or microglial 
activation directly via psychological stress or other 
factors11. In this review, neuroinflammation in 
depression is overviewed by its role as a key 
mediator on major integrated pathway pathologies; 
microglial activation, excessive glutamatergic 
neurotransmission, hyperactive hypothalamus-
pituitary-adrenal  (HPA) axis,  decreased 
neurogenesis, and altered neurotransmitter 
metabolism (Figure 2).

Figure 1: The inflammation as a key mediator for the development of depression.
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A Pathway from Microglial Activation to Excessive 
Glutamate

At present, it is well-reported that microglia are 
activated in chronic stress and depression26,28. 
Besides, microglial activation was reported in 
postmortem brain studies of suicide victims29.  
Microglia, one of the specific types of the glial cells 
in brain, are responsible for maintaining the CNS 
homeostasis in their resting state unless they are 
activated30. However, once encountered with 
danger signals that reach the brain (infection, 
dying cells, immune communication) they act as 
the as resident macrophages in the CNS playing a 
‘double-edged sword’ 30 with trophic or 
destructive functions as depicted in Figure 3. 
Certain pathological events triggered by microglia 
activation are not only restricted to excessive 
release of pro-inflammatory cytokines (e.g., TNF-α, 
IL-1, and IL-6) but also includes increased 
glutamate levels and certain neurotoxic 
compounds and free radicals that are all highly 
involved with depression11,30-32.

	 The activation of microglia and the subsequent 
release of cytokines at a cellular level are mainly 
based on triggering pattern recognition receptors 
located on the cell membrane such as Toll-Like 
and purinergic receptors by pathogen or damage 
associated molecular patterns which leads to the 
production of pro-inflammatory cytokines via 
nuclear factor kappa-B (NFκB) and mitogen 
activated protein kinase (MAPK) signaling. The 
activation of these cascades results in direct release 
of certain cytokines such as TNF-α and IL-6. 
However, inflammasome formation of Nod-like 
protein 3 (NLRP3), a cytosolic pattern recognition 
receptor, is required for caspase-1 activation which 
mediates IL-1β and IL-18 release33. Within the last 
years, NLRP3 inflammasome activation and its 
possible role as a candidate initiator mechanism 
for the treatment of depression has been under 
investigation by a growing number of encouraging 
studies27,34-36.
	 Excessive pro-inflammatory cytokines activate 
indolamine 2,3-dioxygenase (IDO), an enzyme 
converting tryptophan, the precursor of 

Figure 2: Major integrated pathway pathologies in depression.
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5-hydroxytriptamine (5-HT), into kynurenine, 
therefore shift the balance of tryptophan 
metabolism from 5-HT to kynurenine which in 
turn leads reduced serotonin bioavailability37. 
Kynurenine is further metabolized by a microglial 
enzyme, kynurenine mono-oxygenase, into 
neurotoxic 3-hydroxykynurenine and subsequent 
quinolinic acid, an N-methyl-D-aspartate (NMDA) 
receptor agonist that consequently leads to 
excessive glutamatergic neurotransmission 
thereby contributing to glutamate excitotoxicity in 
depression38,39. This notion is supported by the 
findings that depressive patients have higher 
plasma ratio of kynurenine to tryptophan 
compared to healthy controls31 and the inhibition 
of IDO improves depressive-like behaviors induced 
by LPS manipulation40. 
	 It is noteworthy to indicate that the pathway 
highlighted for microglia here, is also valid for the 
peripheral innate immune cells meaning that if 
there is an ongoing inflammatory process in the 
periphery, the activation of innate immune cells 
results in the production and release of pro-
inflammatory cytokines in the same manner. As in 

the CNS, excessive cytokines trigger IDO and 
consequently kynurenine in the periphery which is 
followed by peripheral communication to brain. 
Not only cytokines but also kynurenine can enter 
the brain via several ways which contributes to the 
activation of microglia, therefore, quinolinic acid 
formation, glutamate release and other subsequent 
destructive events including excessive NMDA 
receptor activation and neurotoxicity31. Therefore, 
this peripheral aspect that is apart from microglia 
activation due to central events within the brain 
(e.g., psychological stress) is also essential for the 
neuroinflammation-mediated pathophysiology of 
depression. 

Engaging the Brain with Periphery: Hyperactive 
Hypothalamus-Pituitary-Adrenal (HPA) Axis

Hypothalamus-pituitary-adrenal (HPA) axis 
hyperactivity is another important component for 
the pathophysiology of depression which is highly 
related with cytokine-mediated inflammatory 
processes41,42. Pro-inflammatory cytokines has 
been shown to stimulate HPA axis by both directly 

Figure 3: The dual role of activated microglia.
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activating CRH and subsequently increasing ACTH 
and cortisol and also disrupting negative feedback 
regulation via the inhibition of glucocorticoid 
receptors10,43,44. In the case of an inflammatory 
condition, cortisol and parasympathetic nervous 
system inputs (e.g., via the vagus nerve) are 
responsible for decreasing inflammatory responses 
on relevant immune cells via the inhibition of 
NF-κB, therefore producing an anti-inflammatory 
state in the body. However, when there is prolonged 
inflammation due to chronic disease or stress, 
excessive inflammatory cytokines disrupt 
glucocorticoid receptor functioning via the 
activation p38 MAPK pathway thereby NF-κB is 
rescued from the negative regulation of cortisol 
which in turn exaggerates the cytokine production 
and relevant inflammatory responses even 
more10,44-46. In addition, by activating p38 MAPK 
pathway, cytokines upregulates serotonin 
transporter (SERT) in the brain, which is 
considered to further contributing the serotonin 
deficiency in addition to tryptophan starvation 
due to IDO activation, highlighted above10. 
Therefore, excessive cytokine release might result 
in altered serotonin metabolism by the mentioned 
separate branches of mechanisms in depression. 
Moreover, high plasma glucocorticoid levels are 
a s s o c i a t e d  w i t h  r e d u c e d  b r a i n - d e r i v e d 
neurotrophic factor (BDNF) levels, atrophy of 
pyramidal cells in the hippocampus and prefrontal 
cortex which are accompanied by depressive 
symptoms47,48. 

Ketamine and Neuroinflammation: Is There a 
Gap or Bridge Between?

As overviewed above, excessive quinolinic acid and 
glutamate releases as chain reactions in 
neuroinflammatory processes, results in the over-
activation of extrasynaptic NMDA receptors and 
subsequent glutamate excitotoxicity which is one 
of the most dominant pathway pathology seen in 
depression. The clinical discovery of ketamine’s 
rapid antidepressant effect  as a non-competitive 
NMDA receptor antagonist49, has broaden the view 
of modulating glutamatergic neurotransmission as 

a highly potential novel treatment approach for 
depression along with the aim of identifying 
molecular mechanisms driving this robust effect. 
	 The key mechanisms responsible for the rapid 
antidepressant effect of ketamine are considered 
to be mainly mediated by the activation of the 
mammalian target of rapamycin (mTOR) pathway, 
and subsequently rapid increase in BNDF 
production which further leads to post-synaptic 
protein translation such as PSD95, synapsin, GluA1 
that are essential for enhanced synaptic signaling 
and new synapse formation (synaptogenesis)50-52. 
	 There is evidence that ketamine blocks NMDA 
receptors located on gamma-aminobutyric acid 
(GABA)-ergic interneurons resulting in an 
increased glutamate outflow53. Thus, the inhibition 
of NMDA receptors allows more glutamate 
transmission via α-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) receptors which is 
considered to be an essential mechanism for the 
ketamine’s rapid antidepressant effect51. The 
activation of AMPA receptors results in rapid 
sodium entry and membrane depolarization which 
triggers downstream events of signal transduction 
including mTOR activation, eukaryotic elongation 
factor 2 kinase (eEF2K) inhibition, increased BDNF 
translation and  postsynaptic density protein 
expression25,51,54,55.
	 Activation of mTOR rescues eEF2 from its 
inhibitory kinase eEF2K, which upregulates BDNF 
translation. BDNF, by binding tyrosine kinase B 
(TrkB) receptors, in turn activates mTOR signaling 
via phosphoinositide 3-kinase (PI3K)-AKT cascade 
which further enhances BDNF release by 
demonstrating a positive feedback mechanism. 
Based on the knowledge regarding the crucial roles 
of  eEF2 on enhancing BDNF mediated 
neurotrophic processes, eEF2K inhibitors are 
currently under investigation in depression55.
	 It has been shown that inhibition of glycogen 
synthase kinase-3 (GSK-3) is also involved in the 
rapid antidepressant effects of ketamine by the 
findings that ketamine inhibits GSK-3 activity and 
antidepressant-like effect of ketamine was 
potentiated when combined with lithium, a 
preferentially GSK-3 inhibitor56,57. 
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	 Since ketamine has certain restrictive 
psychotomimetic characteristic and therefore, the 
potential therapeutic effect would almost hardly 
be mentioned in the clinic, novel compounds 
targeting different aspects of glutamatergic system 
and lacking psychotomimetic (also known as 
psychotogenic) properties have been under 
investigation in depression as follows: NMDA 
receptor antagonists (e.g., zinc, magnesium, 
s c o p o l a m i n e ,  g u a n o s i n e ,  a m a n t a d i n e , 
dextrometorphan), glutamate release inhibitors 
(e.g., riluzole, lamotrigine, sarcosine), AMPA 
potantiators (e.g., tianeptin, aniracetam, LY392098, 
LY451616), metabotropic glutamate 2/3 (mGlu2/3) 
receptor antagonists (e.g., LY341495), selective 
NMDA receptor subtype 2B (NR2B) antagonists 
(e.g., CP-101, CP-606), partial NMDA receptor 
agonists (e.g., D-serin, D-cycloserine, GLYX-13) 
some of which are depicted in Figure 4. Further 

information regarding the current situation with 
the novel candidates modulating glutamatergic 
system can be found in the detailed review by 
Deutschenbaur et al.58.
	 Today, there is growing body of evidence 
suggesting that ketamine may also possess anti-
inflammatory properties that could contribute to 
its antidepressant effect. It was previously reported 
that ketamine downregulated cytokine expression 
induced by LPS manipulation in macrophage 
cells59. In addition, ketamine was shown to alleviate 
depressive-like behavior induced by LPS 
administration via AMPA receptor activation60. 
However, the improved behavioral effect obtained 
by ketamine in such neuroinflammation-mediated 
depression model was not accompanied with 
reduced cytokine response. On the other hand, in a 
more recent study, ketamine was shown to 
decrease pro-inflammatory cytokines induced by 

Figure 4: Examples of different treatment approaches targeting glutamatergic neurotransmission: NMDA receptor antagonists (e.g., 
ketamine, zinc, magnesium, scopolamine, guanosine, amantadine, dextrometorphan), NMDA receptor partial agonists (D-serin, 
D-cycloserine), glutamate release inhibitors (e.g., riluzole, lamotrigine, sarcosine), AMPA receptor enhancers (e.g. tianeptin, aniracetam, 
LY392098) (Adapted from Deutschenbaur et al, 2016).
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maternal deprivation model and this was in 
accordance with ketamine’s antidepressant-like 
effects61. These findings were concluded as the 
glutamatergic modulators could also be of interests 
for decreasing inflammatory responses or 
microglial activation in depression which requires 
further investigation at present. Therefore, the 
findings indicating that the antidepressant effects 
provided by ketamine might be also coupled with 
its proposed anti-inflammatory properties, direct 
us to the importance of understanding the possible 
mechanisms orchestrating neuroinflammation 
and glutamate exitotoxicity as potential targets in 
depression11,24.

CONCLUSION

At present, growing body of evidence from not 
only basic studies but also from clinical research 
points out the significance of inflammation in 
depression: A recent meta-analysis suggests that 
increased inflammatory markers predict 
antidepressant treatment resistance in depressed 
patients62. The data examination from 35 different 
clinical studies revealed that patients with 
persistently elevated TNF-α levels do not respond 
to antidepressant treatments whereas treatment 
responders are associated with decreased levels of 
TNF-α. In addition, treatment with antidepressants 
results in reduced IL-6 levels however, that is 

unrelated with treatment response62. These 
findings guide us to the importance of utilizing 
biochemical tests for determining the levels of 
inflammatory markers for possibly helping the 
diagnosis and improve the treatment success in 
refractory patients. Thereby, the idea follows as the 
non-responders with higher inflammatory 
markers might benefit from anti-inflammatory 
agents. Likewise, infliximab, a TNF-α antagonist, 
has recently been reported to improve depressive 
symptoms in refractory patients having high 
baseline inflammatory biomarkers63. 
	 Besides, non-steroidal anti-inflammatory drugs 
(NSAIDs) have been investigated for their potential 
effects as adjunctive therapies in depression. 
Amongst other NSAIDs, perhaps the data of 
celecoxib still stands for the most evident one 
especially by a recent meta-analysis suggesting 
that adding celecoxib in addition to antidepressant 
treatment demonstrates higher treatment 
response and remission rate in MDD patients64.
	 Taken together by the clinical point of view, 
although the role of inflammation in depression 
and its possible clinical implications have not been 
determined yet, but still inflammation aspect of 
depression holds promise for predicting 
antidepressant treatment response and raising 
question to the possible significance of utilizing 
anti-inflammatory approaches in the treatment of 
depression.
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