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INTRODUCTION 

Depression is a psychiatric disorder characterized by the 

presence of affective, cognitive,  psychomotor and 

neuro-vegetative symptoms, which pervades all aspects 

of life and impairs individual’s family and personal 

relationships, work adjustment and general health, 
represents a major cause of morbidity worldwide and it is 

estimated by 2020, major depression will be second most 

disabling condition in the world.[1-2] 

 

In pathophysiology of depression, research focused 

mainly on monoamine hypothesis (alteration in 

serotonin, norepinephrine and dopamine) does not 

sufficient to explain whole mechanism of depression.[3,4] 

The recent advancement in neurobiological research 

provided increasing evidence that inflammatory and 

neurodegenerative pathways would play a relevant role 

in the development of depression.[5-7] The hypothesis of 
the involvement of inflammatory pathways in depression 

is consistently supported by the findings of increased 

levels of several inflammatory markers, including pro-

inflammatory cytokines as interleukin-1β (IL-1β), IL-6, 

interferon-γ (IFNγ) and tumor necrosis factorα 

(TNFα).[8,11] The basis of the macrophage theory of 

depression, a concept that has been substantiated with 

additional evidence showing that the activated prostenoid 

pathway (leading to an increase in prostaglandin E2, 

PGE2) and nitric oxide synthase (resulting in an increase 

in nitric oxide) also played key roles in the damaging 

effects of chronic, low grade inflammation in the 

brain.[12-15] 
 

Dysregulation of the neuroimmune-endocrine system is 

accepted as one of the fundamental biological 

mechanisms that underlie psychiatric disorders.[16,18] 

 

Earlier investigations on the pathophysiology of 

depression have provided strong evidence that depressed 

patients manifest HPA axis hyperactivity. This 

hyperactivity is caused by diminished feedback 

inhibition of glucocorticoid (GC)-induced reduction of 
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ABSTRACT 

Major depression is one of the most common neuropsychiatric disorders. The role of inflammation, immune 

system deregulation and oxidative stress play crucial role in pathophysiology of depression. This review 

summarises the evidence that chronic low grade inflammation plays an important role in the pathology of 

depression. Evidence is provided that pro-inflammatory cytokines, together with dysfunctional endocrine and 

neurotransmitter systems, provide a network of changes that underlie depression. Hyperactivity of the 

hypothalamic-pituitary-adrenal (HPA) axis is one of the fundamental biological mechanisms that underlie major 

depression. This hyperactivity is caused by inhibition of glucocorticoid (GC)-induced reduction of HPA axis 

signaling and increased corticotrophin-releasing hormone (CRH) secretion from the hypothalamic paraventricular 

nucleus and extra-hypothalamic neurons. Cytokines secreted by both immune and non-immune cells can markedly 
affect neurotransmission within regulatory brain circuits related to the expression of emotions. Pro- inflammatory 

cytokines, including interleukin-1β (IL-1β), interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) are 

implicated in the pathophysiology of depression and anxiety disorders. The enzyme indoleamine 2, 3-dioxygenose 

(IDO) may be an important factor in pathophysiology of depression, it is link between the regulation of immune 

process and monoaminergic systems. IDO is the rate-limiting enzyme in the kynurenine pathway for tryptophan 

metabolism and is activated by pro-inflammatory cytokines. Nitric oxide (NO) also participates in signal 

transduction pathways that result in the release of corticosterone from the adrenal gland. In the central nervous 

system, prostaglandins (PG) generated by the cyclooxygenase (COX) enzyme are involved in the regulation of 

HPA axis activity. 
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HPA-axis signaling and increased corticotrophin-

releasing hormone (CRH) secretion from the 

hypothalamic Para ventricular nucleus (PVN) and extra-

hypothalamic neurons. During chronic stress-induced 

inhibition of systemic feedback, cytosolic glucocorticoid 

receptor (GR) levels were significantly changed in the 
prefrontal cortex (PFC) and hippocampus, both 

structures known to be deeply involved in the 

pathogenesis of depression.[19] 

 

Increase in serum cortisol levels might decrease 

serotonin levels by reducing the activity of tryptophan 2, 

3 dioxygenase.[20] Signs of an inflammatory process, 

particularly high prostaglandin E2 (PGE2) levels, have 

repeatedly been described in major depression.[21] 

Cyclooxygenase-2 (COX-2) inhibitors.[22,23] inhibit the 

PGE2, suggesting a positive role in depression. 

Enhanced activity of cyclooxygenase-2 causes increase 

in the synthesis of prostaglandin D2[24] causing 

subsequent inhibition of serotonin in the brain. 

 

[1] Pathology of depression 

1.1.1 Neurotransmitters: Catecholamine hypothesis- 
In the 1960s, the "catecholamine hypothesis" was a 

popular explanation for why people developed 

depression. This hypothesis suggested that a deficiency 

of the neurotransmitter or norepinephrine (also known as 

nor adrenaline) in certain areas of the brain was 

responsible for creating depressed mood. More recent 

research suggests that there is indeed a subset of 

depressed people who have low levels of norepinephrine. 

The main assumption of this hypothesis is that clinical 

depression is due to impairment of central 

Monoaminergic function, a deficiency in the 

neurotransmission mediated by serotonin (5‐HT, 

5‐hydroxytryptamine), norepinephrine (NA) and 

dopamine (DA). The monoamine concentrations may be 

altered as a result of disrupted synthesis, storage or 

release, or the concentrations may be normal but the 

postsynaptic receptors and/or sub‐cellular messenger 

activity may be impaired. The most studied 

neurotransmitter in depression research is serotonin. 

Serotonin is involved in the development and plasticity 

of neural networks and has a wide spectrum of essential 

neuronal functions including social cognition, sensory 

processing, cognitive control and emotional responses.[25] 
Aberrant serotonin   functioning is implicated in multiple 

neuro-developmental and neuropsychological disorders, 

amongst which depression. In depression, decreased 

levels of extracellular serotonin, caused by increased 

serotonin turnover, have been reported in both human 

patients and animal models.[26,27] Serotonin is known to 

have major influence on emotions and mood, which 

accounts for the association between low serotonin levels 

and low mood. This is illustrated by the fact that the 

most important group of anti- depressant 

pharmaceuticals, the selective serotonin reuptake 

inhibitors (SSRIs), function in normalizing the 
availability of serotonin in the synaptic cleft.[26] 

 

In addition to aberrant levels of serotonin, noradrenaline 

distortions are implicated in depressive disorders. 

Noradrenaline (NA) is mainly known for its involvement 

in the regulation of arousal and stress, but it also plays a 

role in learning and memory and regulation of 

inflammation. In chronic stress, which is suggested to 

play an important role in depression, elevations as well 

as decreases in NA levels have been reported. The 

hyperactivity of the HPA-axis suggests that levels of NA 
would increase in depression. For example, in rodent 

studies, researchers reported decreased NA release and 

atrophy of NA axons, leading to a reduction in NA 

neurotransmission. In addition, decreased NA levels 

were measured in the urine and CSF of depressed 

patients.[28,29] Furthermore, suggest that chronic stress 

results in decreased sensitivity as well as downregulation 

of the adrenoreceptors. Corresponding with these 

findings, depressive symptoms can be reduced by 

administering selective noradrenalin reuptake inhibitors 

(NRI) in aim to elevate brain levels of NA.[30] 
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1.1.2 HPA-axis: 

One of the systems that are often associated with the 

pathophysiology of depression is the HPA axis, also 

known as the stress-axis. The involvement of this stress-

axis in depression might be explained by the observation 

that major depression is often precipitated by stress. 
Stress is an important factor in the neurogenesis 

hypothesis of depression, which assumes that 

neurogenesis plays a key role in pathology of depression 

and that it is negatively influenced by stressful 

experiences.[31] 

 

In response to a stressful event, the activation of the 

HPA-axis is initiated by the hypothalamic secretion of 

stress neurotransmitters of the corticotrophin releasing 

hormone (CRH) family, in particular corticotrophin 

releasing factor (CRF). CRH stimulates the anterior 

pituitary to secrete adrenocorticotropic hormone 
(ACTH), which in turn induces the production of 

glucocorticoids (GC) in the adrenal cortex. The function 

of GCs differs between acute and chronic stress. In acute 

stress, they have an immunosuppressive function, but 

chronic stress is associated with reduced glucocorticoid 

receptor (GR) responsiveness, leading to impaired 

immunosuppression. Besides inducing GC secretion, 

ACTH also has effects downstream of the HPA-axis, by 

inducing the adrenal medulla to produce adrenaline and 

noradrenaline. These adrenal hormones, in cooperation 
with stress hormones from the pituitary, can activate 

leukocytes, thereby promoting the secretion of pro- 

inflammatory cytokines. These pro-inflammatory 

cytokines can in turn further increase CHR levels by 

inducing the hypothalamus. In the normal situation, this 

process is regulated by the feedback mechanism of the 

HPA-axis. Each hormone produced in the HPA-axis 

feeds back to suppress the secretion of the hormone one 

step earlier in the pathway. In this way, GCs thus 

suppress ACTH, which in turn suppresses CRH. 

Consequently, the HPA-axis will become hyperactive 

and produce high levels of cortisol. As a consequence, 
the levels of glucocorticoids get elevated and different 

types of immune cells will secrete high levels of pro-

inflammatory cytokine.[31] 

 

 
Figure 1: Activation of the hypothalamus-pituitary-adrenal (HPA) axis. When a stressful situation is given, the 

hypothalamus- pituitary-adrenal (HPA) axis is activated. The hypothalamus produces corticotrophin releasing 

factor (CRH), which induces secretion of adrenocorticotropic hormone (ACTH) by the anterior pituitary. 

ACTH in turn activated the adrenal cortex to produce glucocorticoid hormones (including cortisol). During 

acute stress, these glucocorticoids (GCs) have an immunosuppressive function. However, when stress becomes 

chronic, the responsiveness of glucocorticoid receptors is reduced and the immunosuppressive function is 

impaired. In addition to stimulating GC production, ACTH induces the adrenal medulla to produce adrenaline 

and noradrenaline, which in chronic stress will eventually lead to desensitization of the adrenoreceptors.
[30,32]

 
 

1.1.3 Alternations in brain anatomy and neural 

activity 

Alternations in structure and activity of the depressed 

brain can provide information about which neuronal 

pathways might be impaired in depression. Structural 

changes have been observed in several areas of the brain 

of depressed patients. These changes include 

hippocampal atrophy following glucocorticoid induced 

apoptosis, a decreased number of astrocytes, neural loss 

from the (pre)frontal cortex and striatum and 

enlargement of the ventricles. In addition, changes in the 

amygdala, basal ganglia and pituitary gland were also 

observed, but were more ambiguous than the changes in 

the previously named structures. Furthermore, dendritic 

branching and neurogenesis showed slight reductions in 

the frontal cortex and more prominent in the 



Grishma et al.                                                                 European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com 

 

 

158 

hippocampus, thereby enhancing the degeneration 

caused by glucocorticoids.[33,34] For example, some 

positron emission tomography (PET) studies found 

decreased activity in the general, temporal and 

dorsolateral prefrontal cortical activity, whereas the 

amygdala showed increased activity.[35] 

 

[2] The immune system and depression 

The immune system was first described to play an 

important role in the pathophysiology of depression. The 

inflammatory changes in the brain are thought by some 

to play an important role in the pathology of 

depression.[36,37] 

 

2.1 Causes of immune alterations 

2.1.1 Glucocorticoid resistance 
As previously mentioned, depression is characterized by 

HPA- axis hyperactivity. At first sight, it might appear 
contradictive that HPA-axis hyperactivity results in 

inflammation. Activation of the HPA-axis results in the 

secretion of large amounts of glucocorticoids (GC), 

which are known for their immuno-suppressive function. 

Since the HPA-axis hyperactivity in depression is of a 

chronic nature, the GCs are consistently present, which 

eventually can lead to decreased GC responsiveness or 

even resistance of the glucocorticoid receptor. In the 

normal situation, GCs make sure that inflammatory 

processes remain within limits, by providing a negative 

feedback on the hypothalamus. The development of GC 
resistance however results in impaired negative 

feedback. As a consequence, the inflammatory processes 

which are normally under control of the HPA-axis will 

get out of control. In this way, the impaired feedback 

regulated by GCs contributes to the development of the 

excessive inflammation seen in depression. The 

glucocorticoid resistance hypothesis thus suggests that 

stress plays an important role in the eventual 

dysregulation of the immune system.[37] 

 

2.1.2 Serotonin and serotonin transporters: The role 

of the neurotransmitter serotonin in inflammatory 
processes   is extensively researched and discussed. In 

addition to its role as neurotransmitter, serotonin can 

function as an inflammatory mediator which is released 

in high concentrations at inflammatory sites.[38] In 

depression, however, serotonin turnover was increased 

leading to decreased levels of serotonin in plasma and 

brain. It was therefore first hypothesized that decreased 

serotonergic neurotransmission was responsible for 

inflammation in depression. The low levels of 

tryptophan, the precursor of serotonin, did not inevitably 

lead to decreased serotonin levels. This suggests that 
increased activity of other processes can compensate for 

the increased serotonin degradation and low tryptophan 

availability.[39] Degradation of serotonin is indeed only 

one of the mechanisms that regulate serotonin levels. 

Additionally, serotonin levels are regulated by the 

reuptake of serotonin from the synaptic cleft into the 

presynaptic neurons, via the serotonin transporter 

(SERT). However, the fact that selective serotonin 

reuptake inhibitors (SSRIs) have proven to be effective 

in treating depression underpins that the decreased levels 
of serotonin in the synaptic cleft in some way influence 

the pathology of depression. 

 

2.1.3 Tryptophan metabolism via the kynurenine 

pathway 
Induction of tryptophan metabolism via the kyurenine 

pathway KP is known to occur during immune 

activation. In depression, increased levels of IDO, the 

rate-limiting enzyme of the KP, were found. Increased 

IDO expression was thought to be responsible for the 

major decrease in tryptophan levels observed during 

immune activation. IDO activation was hypothesized to 
be involved in the transition from cytokine- induced 

sickness to major depression. Besides, increased IDO 

activity was found to result in increased stimulation and 

decreased inhibition of the NMDA-receptor, thereby 

affecting glutamate neurotransmission. Thus indicates 

that inflammation-associated depression mainly 

dependent on the activation of IDO.[39,40] 

 

2.2 Cytokines: Cytokines are small signaling proteins 

that can be released from leukocytes and various other 

cell types in reaction to a certain trigger. They can 
regulate various biological processes, including both pro- 

and anti-inflammatory responses. Cytokines function in 

the transmission of information between the immune 

system, the endocrine system and the nervous system in 

a multidirectional way. Thereby, they can influence brain 

function both in a direct and an indirect way. Cytokines 

are very relevant since they are important modulators of 

IDO activity and thus regulate the amount of tryptophan 

degradation via the kynurenine pathway.[41] 

 

2.2.1 The role of cytokines: In contrast to the different 

hypotheses about the causes of inflammation, the fact 
that cytokines play an important role in mediating 

inflammatory processes and a thereby able to induce 

neurodegeneration in depression.[42] Numerous 

interleukin (IL) 6, tumor necrosis factor (TNF)-α and 

interferon (INF) γ, are elevated in the blood of patients 

with depression.  It is proposed that the symptoms of 

major depression might result from the changes induced 

by the increased levels of cytokines. However, 

inflammation seems to contribute to the pathogenesis of 

depression in some, but not all, patients. Whereas some 

researchers hypothesize that the inflammation in 
depression occurs in reaction to an external stimulus, 

others rather think that internal or age-related factors are 

a more likely cause of the activation of the immune 

system.[40,43] 
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Figure 2: Effects of the CNS inflammatory cascade on neural plasticity. Microglia is primary recipients of 

peripheral inflammatory signals that reach the brain. Activated microglia, initiate an inflammatory cascade 

whereby release of relevant cytokines, chemokines, inflammatory mediators and reactive nitrogen and oxygen 

species (RNS and ROS, respectively) induces mutual activation of astroglia, thereby amplifying inflammatory 

signals within the CNS. Cytokines, including IL-1, IL-6 and TNF-alpha, as well as IFN-alpha and IFN-gamma 

(from T cells), induce the enzyme, IDO, which breaks down TRP, the primary precursor of 5-HT, into QUIN, a 

potent NMDA agonist and stimulator of GLU release. Multiple astrocytic functions are compromised due to 

excessive exposure to cytokines, QUIN and RNS/ROS, ultimately leading to downregulation of glutamate 

transporters, impaired glutamate reuptake and increased glutamate release, as well as decreased production of 

neurotropic factors. (5-HT- serotonin; GLU- glutamate; IDO- indolamine 2,3 dioxygenase; IFN- interferon; IL- 

interleukin; NMDA- N-methyl-D-aspartate; QUIN- quinolinic acid; RNS,-reactive nitrogen species; ROS,-

reactive oxygen species; TNF- tumor necrosis factor; TRP- tryptophan).
[44]

 

 

2.2.2 Disbalance between pro- and anti-inflammatory 

cytokines: This hypothesis based on the observation that 

the plasma levels of pro-inflammatory cytokines such as 

IL-6, IFN-γ and TNF-α are increased in depressed 

patients. In the healthy situation, anti-inflammatory 

cytokines are generally released in response, in aim to 

regulate the pro-inflammatory cytokines. Some studies 

indicate that the cytokines of the Th2 pathway (including 

IL-4 and IL-10) have anti-inflammatory properties, by 

inhibiting the aggressive Th1 response. Since a 

concomitant increase in these cytokines lacks in 
depressed patients, this would suggest an imbalance 

between the pro- and anti-inflammatory arms of the 

immune system. However, while the data showing 

increased levels of pro-inflammatory cytokines are 

abundant, the data on the identity and levels of pro-

inflammatory cytokines, as well as the role of regulatory 

T-cells are, to my knowledge, only very limitedly 

discussed in literature. Based on this information, it 

seems interesting to more thoroughly study the identity 

and involvement of anti- inflammatory cytokines and 

regulatory T-cells in depression, in aim to test if a 

disturbed balance between pro-and anti-inflammatory 

cytokines indeed plays a role in the pathology of 
depression.[45] 
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2.3 Indoleamine 2, 3-dioxygenase (IDO) 
In response to this increased pro-inflammatory profile 

observed in depressed patients, the levels of IDO 

increase and the enzyme becomes activate. Since IDO is 

the rate-limiting enzyme of the KP, catabolism via this 

route will subsequently increase. Several clinical studies 
indicate that IDO might be involved in the 

pathophysiology of depression. A study in patients 

suffering from major depression showed an up regulation 

of IDO in the brain, as well as throughout organs and in 

immune cells (i.e. macrophages and microglia). This 

finding is underpinned by the increased levels of the KP 

metabolite QUIN and the lack of concomitant increase in 

kynurenic acid observed in the brain of depressed 

patients.[45] In addition, the plasma levels of tryptophan, 

the substrate of the KP, were found to be reduced in 

depression. The decreased tryptophan levels are 

suggested to be a consequence of increased KP activity, 
leading to decreased availability of tryptophan for 

serotonin production. In conclusion, several authors 

hypothesized that IDO might be the linking factor 

between inflammation and the mood disturbances 

observed in depression. This hypothesis is underpinned 

by experimental and clinical data, but not all studies 

succeeded to prove a causative link between mood, 

inflammation and IDO. Additionally, the exact 

mechanisms’ substantiating the hypothesized link 

between IDO and depression remains to be elucidated. It 

is however clear that IDO is a modifier of inflammation 
status, and might therefore be a potentially interesting 

therapeutic target.[46] 

 

2.4 Other alterations in the immune system 

2.4.1 Alterations in immune cell activity 
The alternated levels of pro- and anti-inflammatory 

factors described above also have effects on immune 

cells. Overall, immune cells are found to be up regulated 

in the blood of depressed patients. Increased activity was 

for macrophages and monocytes, both the number of 

cells and their activity show increases. Besides, several 

studies indicate that the number of T-helper and T-
memory cells, as well as the number of activated B-cell 

and T-cells are elevated in depression. Natural killer 

(NK) cells showed a decrease in activity and T-cell 

proliferation and neutrophil phagocytosis were lower in 

patients than in healthy controls. According to Leonard 

et al., these changes are mainly explained by the 

imbalance between pro-and anti-inflammatory 

cytokines.[45] In addition, many of the quantitative 

changes described above correspond with the effects of 

the increased PGE2 levels observed in depression.[47] 

 

[3]Cytokine hypothesis of depression 

Cytokines, generally secreted by cells of the immune 

system, may also be synthesized and secreted by non-

immune cells in order to signal neuroimmune cells. 

Interleukin-1 is one of the major pro- inflammatory 

cytokines involved in the regulation of HPA axis activity 

in the brain.[48] IL-1 is expressed in all components of the 

HPA axis, affects the secretion of CRH from the 

hypothalamus, ACTH from the pituitary and 

glucocorticoids from the adrenal cortex. Furthermore, 

IL-1 may also directly induce both ACTH secretion from 

the pituitary via IL-1 type I receptors (IL-1RI) and the 

secretion of corticosterone from the adrenals.
[49]

 In 

addition to circulating cytokines, which may act at all of 
these HPA axis regulatory levels, cytokines are also 

generated in the brain, the anterior pituitary and the 

adrenal cortex. Cytokine receptors have been detected in 

all tissues and regulatory levels of the HPA axis and 

therefore each center of HPA axis activity can function 

as an integration point for immune and neuroendocrine 

signals. Cytokines may enter the brain via the fenestrated 

endothelium of the circum ventricular organs (CVOs). 

This transport occurs via either the induction of cytokine 

release from the cells of the BBB into the brain 

parenchyma or by transport across the BBB by 

infiltrating leukocytes. Cytokines may also act 
peripherally by affecting the CNS via noradrenergic, 

serotonergic, dopaminergic or γ-aminobutyric acid 

(GABA)-ergic pathways and stimulation of the 

ascending visceral peripheral neural pathways. The 

cytokine hypothesis suggests that external and internal 

stressors might lead to depression through inflammatory 

processes that, subsequently, would provoke  alterations 

of  the  5-HT  system  and  the  hypothalamic-pituitary-

adrenal  (HPA) axis.[50,54] 

 

After the first evidence of T-cell activation in depressed 
patients[55], consistent findings of increased levels of pro 

inflammatory cytokines, in particular IL-1β, IL-6, IFN-γ 

and TNFα, have been widely reported in depression.[56] 

 

[4]Prostaglandin hypothesis of depression 

Prostaglandins are products of the cyclooxygenase 

(COX) pathway of arachidonic acid metabolism. COX-1 

is constitutively expressed in a variety of cells and 

tissues. The other isoform, COX-2, is the product of an 

immediate early response gene in inflammatory cells. 

The expression of COX-2 is induced by endotoxins or 

cytokines including IL-1 and TNF α. In the CNS, 
prostaglandins generated by COX-1 and COX-2 

cyclooxygenases are involved in the regulation of HPA 

axis activity by neurotransmitters and neuropeptides. 

COX-1 and COX-2 mediate, to different extents, the 

secretion of ACTH and corticosterone in response to 

stimulation by cholinergic and adrenergic transmitters. In 

the CNS, prostaglandins generated by cyclooxygenases 

are involved in the regulation of HPA axis activity under 

basal and stress conditions. Stress-enhanced COX-1 

levels, but markedly increased acute stress-induced 

COX-2 levels in the hippocampus. COX-1 levels in the 
hippocampus and hypothalamus remained elevated. This 

suggests the involvement of brain COX-1 and COX-2 in 

the HPA axis response under stress condition.[57] 

Prostaglandins generated by COX-2 and NO synthesized 

by iNOS cooperate during stress-induced HPA axis 

responses. PGE2 produced by various cell types may 

integrate various stress stimuli, acting via PGE receptor 

subtypes EP1 and EP3 that are involved in ACTH 
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secretion.[58] Acute stress may affect the function of 

COX/PG and NOS/NO signaling systems in brain 

structures involved in the regulation of HPA axis.[59] 

 

[5]Nitric oxide hypothesis of depression 

Nitric oxide (NO) is a signaling molecule for various cell 
types and systems, and also serves as a neurotransmitter 

in the brain. Under physiological conditions, neuronal 

NO synthase (nNOS) is constitutively expressed, and it 

constitutes the major isoenzyme of NOS in the brain. 

Inducible NO synthase (iNOS) is undetectable under 

basal conditions and it is up regulated in response to 

various stimuli such as inflammatory cytokines and 

stress.[60] NO generated by iNOS in the brain is involved 

in central-induced elevation of plasma CRH, but it is not 

clear whether nNOS plays a role in these CRH-induced 

elevations. nNOS is highly expressed by cells of the 

hypothalamic PVN (paraventricular nuclei), the 
convergence point for the sympathoadrenal system, the 

HPA axis and the hypothalamo-neurohypophyseal 

system.[61] These structures regulate neuroendocrine 

stress responses. NO generated by nNOS plays a 

significant role in modulating the activity of these 

systems under acute stressor exposure.[62] 

 

NO functions like a neurotransmitter with the ability to 

spread extremely rapidly through cell membranes in the 

mammalian CNS, enabling NO to operate much more 

effectively than other transmitters. Neuronal NO 
synthase is highly expressed by cells of the hypothalamic 

paraventricular nuclei, which contained high levels of 

nNOS mRNA and protein. Brain nNOS is present in both 

particulate and soluble forms and the differential 

subcellular localization of nNOS may contribute to its 

diverse functions.[63,64] Neuronal NOS is involved in a 

variety of synaptic events and may modulate 

physiological function and a number of human disease 

states. In neurons, nNOS is located mainly at the post-

synaptic terminal. Due to its ability to freely cross cell 

membranes, NO can act in both autocrine and paracrine 

pathways involving targets that are relatively distant 
from its site of origin. The endothelial and neuronal NO 

synthase regulates formation of small, basal amounts of 

NO. In the PVN of the hypothalamus, NO inhibits 

sympathetic outflow via increased GABA release. NO 

potentiates GABA-ergic synaptic inputs to spinally-

projecting PVN neurons through a cyclic guanosine 

monophosphate (cGMP) protein kinase G pathway. 

Further, central nNOS is involved in restraint stress-

induced responses. In experimental conditions, NO can 

either enhance or suppress the secretion of a number of 

cytokines including IL-1.[65] 
 

Under stressful conditions, NOS isoenzymes mediate 

central, CRH-induced sympathetic activation and may 

affect HPA axis activity. The general stress response 

involves increased NO production due to induced 

expression of iNOS by stress mediators and thus iNOS 

and NO are implicated in the pathophysiology of stress-

induced inflammation. 

 

[6]The role of the kynurenine pathway in 

inflammation 

The kynurenine pathway for tryptophan metabolism is 

involved in immune processes. Aberrant functioning of 

this pathway is suggested to be characteristic for 

depression. Tryptophan is one of the essential amino 

acids, which means that it cannot be produced by the 

body and should therefore be supplied in the diet. The 

amino acid is essential for cell growth and metabolism, 

but also plays a role in immune related processes. 

Tryptophan can be degraded via two competing 

pathways: (1) the tryptophan hydroxylase (THO) 
pathway (2) kynurenine pathway (KP). The THO 

pathway is predominant under normal conditions, in the 

absence of inflammation. Important products of this 

pathway are serotonin and melatonin. Melatonin also is 

an important antioxidant and has anti- inflammatory 

function, also neuroprotective function. The 

neurotransmitter serotonin is amongst others associated 

with regulation of mood, sleep and appetite. The second 

pathway, the KP, is up regulated during infection and is 

activated by pro-inflammatory cytokines.[66] 

 
The two pathways for tryptophan degradation compete 

for the available extracellular tryptophan. Therefore, 

when the KP is activated by inflammatory factors, less 

tryptophan will be catabolised via the THO pathway, 

resulting a lower availability of serotonin and melatonin. 

However, the depletion of tryptophan is not just side 

effect of inflammatory processes. Similarly, the severity 

of depressive symptoms correlated with activity of IDO, 

the rate-limiting enzyme of the KP. Important 

interactions between the KP and immune responses are 

thus observed and are shown to be involved in neuro- 

immunological disorders including major depression. 
The key enzymes of the pathway are tryptophan 2, 3-

dioxygenase (TDO) in the liver and IDO in the lungs, 

placenta, blood and brain. In response to elevated levels 

of cortisol and pro-inflammatory cytokines, both 

enzymes show increased activity with depression or 

dementia. The hyperactivity of the enzymes subsequently 

increases the catabolism of tryptophan via the KP. 

Tryptophan catabolism via the KP, which results in the 

production of neuro- active metabolites, of which 

quinolinic acid (QUIN) had the most detrimental effects. 

Increased levels of QUIN are reported to lead to 
dysfunctioning of neurons and eventually even to 

neuronal death[67], thereby inducing permanent damage. 
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6.1 The role of indoleamine 2,3-dioxygenase (IDO) 

Upon activation by pro-inflammatory factors, IDO 

induces up regulation of tryptophan catabolism via the 

KP. This up regulation influences both immunological 

factors and neurotransmitter availability. Therefore, IDO 

can be seen as a link between the regulation of immune 

processes and monoaminergic systems. The reduced 

availability of tryptophan influences the monoaminergic 

systems by reducing the formation of serotonin and 
melatonin. Since serotonin is reported to be involved in 

the activation of T-lymphocytes, the KP induced 

decrease in serotonin availability will result in reduced 

T-lymphocytes activation. It was recently discovered that 

the enzyme IDO is transcribed in two distinct isoforms: 

IDO-1 and IDO-2. IDO-1 is the predominant enzyme in 

extra-hepatic tissue and is found in multiple cell types, of 

which neurons, microglia, astrocytes and macrophages 

are the most important with respect to depression. In 

response to pro-inflammatory factors, both enzymatic 

activity and gene expression of IDO-1 can be 

induced.[68,69] 
 

[7] Neuroinflammation 

Inflammation is generally considered one of the final 

mechanisms through which external and internal 

stressors may lead to a disease. This concept, universally 

accepted for a large part of somatic illnesses, has been 

extended to neuropsychiatric disorders, including 

depression. In fact, several inflammatory markers have 

been found in depression, in particular increased levels 

of acute phase proteins, pro- inflammatory cytokines and 

their receptors in peripheral blood and cerebrospinal 
fluid (CSF), lowered serum zinc, as well as elevated 

peripheral blood concentrations of chemokines, adhesion 

molecules and inflammatory mediators, in particular 

prostaglandins.[70] The inflammation of the central 

nervous system (CNS), which has been labeled 

neuroinflammation, is characterized by activation of glial 

cells (microglia and astrocytes) and expression of pro-

inflammatory mediators, as well as of neurotoxic factors, 

such as superoxid, nitric oxide (NO) and TNFα. 

Neuroinflamation is typical of neurodegenerative 

diseases, like Alzheimer's disease, depression and 

Parkinson's disease[71], but also other stimuli, like acute 

brain injury or infection, can trigger an inflammatory 

response that includes activation of microglia and 

astrocytes with increased production of cytokines, 

chemokines, acute phase proteins, complement factors, 

antibodies and T lymphocytes.[72] While microglial 
activation is necessary and critical for host defense, as in 

the case of brain injury and infection, over activation of 

microglia is neurotoxic.[73] Systemic inflammation seems 

to provoke a similar process within the CNS through the 

activation of brain microglia. 

 

CONCLUSION 

Inflammatory responses in the brain contribute to cellular 

damage associated with stress-induced neuropsychiatric 

diseases. Physical, psychological or combined stress 

exposures all evoke pro inflammatory responses in the 

brain and other systems, which are characterized by a 
complex release of several inflammatory mediators 

including cytokines, prostanoids and nitric oxide and 

transcription factors. In response to stress, inflammatory 

mechanisms are also activated in brain. This review 

concluded that pro-inflammatory cytokines, together 

with dysfunctional endocrine and neurotransmitter 

systems, provide a network of changes that underlie 

depression and may ultimately contribute to the 

neurodegenerative changes that characterise depression. 
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