
AbstrAct
Today most common psychiatric problem across the world is depression and stress is main source of ailment. According to World health 
organization, it will be the main cause of morbidity by 2020 in the world. Depression can critically affects the quality of life  as it is characterized 
by many symptoms like unhappy feeling, lack of interest and pleasure, down energy, inadequacy, regret feeling, slow-down of thoughts or 
reduction in physical movement, speech can affects, altered appetite or sleep, sad,  and increase the risk of suicide. Human body is inadequate 
to produce tryptophan, which is a crucial amino acid; therefore it must be required from diet. After absorption, L-tryptophan crosses the BBB 
(Blood-brain barrier) by non-specific L-type amino acid transporter and act as a precursor to various metabolic pathways in the central nervous 
system (CNS). Kynurenine is an important pathway that is associated with tryptophan (TRP) metabolism, where it develops a lot of metabolites 
such as 3-hydroxykynurenine (3HK), anthranilic acid (AA), kynurenic acid (KYNA), 3-hydroxyanthranilic acid (3HAA) and quinolinic acid (QUIN) 
known as kynurenines. It is already reported previously that disturbance in neuroprotective and neurotoxic metabolites leads to many psychiatric 
disorders. This review summarizes the role of the kynurenine pathway metabolites in depression.  
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IntroductIon

Depression
Depression is a frequent brain disorder with a variety of symptoms 
such as unhappy feelings, lack of interest or joy, guilty feelings, 
lack of dignity or satisfaction, disturbance in sleep or appetite, and 
suicidal thoughts.[1,2] It has been recorded that suicidal behavior 
in depression is a serious social health issue, which correlates to 
mood disorder and leads to significant disability and psychological 
impairment.[3-6] As per the WHO (World Health Organization) 
depression affects more than 300 million of people of all ages in 
the world and furthermore, it is the prominent cause of disability 
in modern society, where people tolerate it and commit suicide 
every year.[7,8] Previous reports suggest that more than 60% of civil 
and economic prices are raised mainly by depression and anxiety 
like brain disorders among all psychiatric problems.[9,10] Alterations 
of neurotransmission in brain act crucially in the growth of many 
neuropsychiatric disorders. In stress and infection, kynurenine 
pathway (KP) metabolism is activated itself which is associated to 
big changes in behavior; because of this, kynurenine may play a 
major role in etiology of neurological disorders like depression.[11]

Role of Kynurenine pathways (KP) in depression 
(including different metabolites)
The KP is a large metabolic pathway for essential amino acid 
(EAA) L-tryptophan (TRP), which induced in stress condition or 
immune activation; also it is responsible for degeneration of 
tryptophan, which contains many neuroactive metabolites known 
as "kynurenines" that affects brain function.[12-17] Previously, it was 
found that an increased level of KP metabolites in plasma and 
cerebrospinal fluid (CSF) is related to the onset of depression.[18-20] 
It has been recorded that atypical concentration of kynurenine 
in many brain diseases affects the tryptophan and serotonin 
levels.[21] Kynurenine and serotonin are key signaling particles 
in the immune response.[22-25] Lots of kynurenine are generated 
on serotonin damage in the inflammatory response,[26,27] which 
ultimately result in behavioral alteration including constant sadness, 

lack of interest and low energy levels.[28] Glutamate is a simple 
amino acid act as an excitatory neurotransmitter in the central 
nervous system (CNS).[29,30] In a study, it is recorded that pyridine-2, 
3-dicarboxylic acid produced during neuronal excitation is a major 
component of kynurine pathway. Quinolinic acid (QUIN) has been 
recognized as an endogenous, selective agonist of N-methyl-
D-aspartate (NMDA) receptors and it is well known to generate 
axon-sparing excitotoxicity in CNS. Over-excitation of NMDA 
receptors plays a crucial role in the etiology of neurodegenerative 
disorders.[31,32] Thus, metabolic alteration in the KP may create 
numerous biological responses in depression. Increasing data has 
been gathered regarding activation of the KP and at the beginning 
of the depression.[33-35] 

Role of tryptophan (TRP) metabolism in brain disorder 
(Depression)
Tryptophan (TRP) is one of 9 essential amino acid obtained from 
an external source (diet) as human body does not synthesize itself 
and its required dose is 3.5 mg per kg body weight per day, and 
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the rich sources are chocolate, eggs, fish, dairy products, legumes, 
and meat.[36-38] Tryptophan is considered a substrate for producing 
different bioactive molecules with important physiological roles. 
Tryptophan is converted to serotonin (5-Hydroxytryptamine), 
which is a neurotransmitter contribute to adaptive response in 
central nervous system (CNS) also correlate to change in mood, 
anxiety etc. After this, serotonin is transformed into N-acetyl 
serotonin (NAS) and melatonin with biological activity for 
tryptophan metabolites.[39] Tryptophan has been recorded to 
metabolize through KP and produces various metabolites, which 
is responsible for inflammation, immune response and excitatory 
neurotransmission. 3-Hydroxykynurenine (3HK), anthranilic 
acid (AA), kynurenic acid (KYNA), 3-hydroxyanthranilic acid 
(3HAA) and quinolinic acid (QUIN) are the different metabolites 
produced by kynurenine pathway described as chemical 
identities mutually called as kynurenines, coordinated to so 
many psychological and mental illness like depression and 
schizophrenia.[40] Kynurenines declines in CNS in different cells 
as quinolinic acid (QUIN) and N-methyl-D aspartate receptor 
(NMDAR) agonist are produced by microglia and kynurenic 
acid (KYNA) is produced by astrocytes etc.[41] Dysregulation of 
these two metabolites lead to major depressive disorder.[42] It 

has been recorded that the tryptophan (TRP)-Kynurenine (KYN) 
pathway has been performing a crucial role in the beginning of  
depression.

Kynurenine Pathway
At first, in a catabolic step, tryptophan is oxidized by breaking 
of the indole-ring, by enzyme tryptophan 2,3- dioxygenase 
(TDO), indoleamine 2,3-dioxygenase (IDO-1 or IDO-2) to form 
kynurenine.[43] Hypothalamic pituitary adrenal (HPA) axis is 
activated by stress which causes the release of glucocorticoids from 
the adrenals which leads to introduction of TDO, simultaneously 
activate the intracellular glucocorticoid receptors (GR). 
Tryptophan is metabolized into kynurenine by TDO. It is further 
changed into kynurenic acid (KYNA) by the enzyme Kynurenine 
aminotransferase (KAT)/3-Hydroxykynurenine by kynurenine 
monooxygenase (KMO). Now by the enzyme kynureninase (KYNU), 
3-Hydroxykynurenine is again metabolized to form anthranilic 
acid (AA) or 3-hydroxyanthanilic acid because of this acetyl CoA 
or unstable intermediate, 2-amino-3-carboxymuconate get 
accelerated by 3-hydroxyanthranilic acid 3, 4-dioxygenase (3-HAO) 
enzyme. A 2-Amino-3-carboxymuconate metabolite is again 
transformed to picolinic acid now it is nonenzymatically converted 

Figure 1: Neurodevelopmental theory of depression
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to quinolinic acid for end-point metabolite nicotinamide adenine 
dinucleotide (NAD).[44-46] Sympathoadrenal medullary (SAM) 
arrangement with b-adrenergic receptor may activate the IDO to hit 
the stress, which results in the release of proinflammatory cytokines. 
Kynurenine pathway (KP) is sectioned in astrocytes and microglia in 
the brain; astrocytes produces KYNA, which have neuroprotective 
activity in the CNS. When tryptophan is metabolized in microglia 
it increases the reactive oxidative properties and contributes to 
excitotoxicity or neurotoxicity.[47-49]

Kynurenic Acid (KYNA)
Kynurenic acid (KYNA) is an internal tryptophan metabolite that 
is produced along with the KP and exerting anticonvulsant and 
neuroprotective activities in the brain.[50] KYNA strongly controls 
dopaminergic and glutamatergic neurotransmission and its high 
levels in brain correlated to memory impairments and psychotic 
symptoms.[51] KYN is changed into KYNA via transamination 
reaction in the presence of kynurenine aminotransferase enzyme. 
Mostly it is produced locally in the brain by neurons or certain 
glial cells like astrocytes/ oligodendrocytes after crossing the 
BBB.[52-54] At low concentration KYNA act upon the glycine 
modulatory site of the NMDA receptor and at higher concentrations, 
act upon glutamate site of NMDA receptors and act upon the 
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionate (AMPA) 
receptors.[55,56] Previous reports suggest that KYNA stimulates 
orphan G protein-coupled receptor GPR35, which is expecting to 
lower the extracellular glutamate concentration in the brain and 
stop the release of pro-inflammatory cytokines by monocytes and 

macrophages.[57] As it increases in brain found to have sedative and 
anticonvulsant activity firstly and after that protect against brain 
ischemia.[58] Moreover, this some study reported that low level of 
KYNA produces serious psychiatric symptoms including suicidal 
and depression severity.[59-61]

Picolinic acid (PIC)
PIC is an internal metabolite[62] of L-tryptophan (TRP)[63] and a 
previous study reported its involvement as neuroprotective, 
immunological, and antiproliferative action in human body. 
Therefore its important physiological actions are unclear still. 
Chemically it is a six-member ring structure found in biological 
medium like cell culture supernatents, blood serum and 
cerebrospinal fluid (CSF), human milk, pancreatic juice etc.[64-66] PIC 
is produce by L-tryptophan through a secondary arm of kynurenine 
pathway. PIC pathway is very complicated and it is reported that 
change in KP metabolism participate in pathophysiology of 
neurodegenerative diseases of CNS.[67] A precursor metabolite, 
2-amino3-carboxymuconic-6-semialdehyde (ACMS) forms picolinic 
acid (PIC) by the enzymatic reaction of 2-amino-3-carboxymuconic-
6-semialdehyde decarboxylase (ACMSD) enzyme.[68,69] ACMSD is 
recognized in brain at very low rate, and PIC does not impair after 
formation in brain but as resulting component expelled in urine 
or bile in the kynurenine pathway.[70] As it is a monocarboxylic 
acid and it can naturally chelates iron, zinc and other metals,[71] so 
many clinical studies revealed the encouraging anti-depressant 
action of chromium picolinate complex in depression. Functions 
of PIC are unclear, but in general, it is recognized as nonactive 

Figure 2: Role of Kynurenines in depression 
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component against QUIN toxicity and its decreased level found in 
suicide committers.

3-Hydroxyanthranilic Acid
3-Hydroxyanthranilic acid (3HAA) can be produce by the hydrolysis 
of 3-hydroxykyurenine (3-HK) or the oxidation of anthranilic acid 
in the brain. Anthranilic acid is a precursor of 3-HAA produced 
by kynurininase enzyme.[72] 3-HAA is very reactive molecule act 
as pro-oxidant or antioxidant. It is previously reported that only 
young patients having Major depressive disorder along with 
melancholic, highlighted the relation among 3-HAA/KYN.[73] In 
kynurenine pathway for the oxidative metabolism of TRP, there 
are two important compounds as QUIN and kynurenic acid, also 
redox-active compound 3-HAA having important activity on the 
nervous system and immune system, it is reported that altered 
level of this compound related to change in anthranilic acid level 
in chronic brain damage, hunting's disease, stroke and depression 
etc. in all these diseases there is reduce level of 3-HAA and rise in 
anthranilic acid level.[74]

Quinolinic acid
QUIN is recognized as one of the influential kynurenine pathway 
metabolite that is neurotoxic and engage in neuro-progression of 
depression; the word neuro-progression executes with cell death, 
low neuro-genesis, loss of plasticity (neuronal and synaptic), rise 
in immunoreactivity.[75] QUIN works as an NMDA receptor agonist, 
which evolves excitotoxic damage by the glutamatergic activation 
of neurons and astrocytes.[76] QUIN in the brain initially formed 
by microglia cell and after that, it reaches to macrophagial cell 
and as said above it is neurotoxic because it is involved in many 
mechanisms, one of which is as activation of glutamate N-methyl-
D-aspartic acid receptors (NMDARs).[77-78] Possibly, people would be 
much susceptible because of high expression of these (NMDRAs) 
receptors raises the level of QUIN. The next mechanism of QUIN 
neurotoxicity is developed by the rise of glutamate release from 
neurons and then blockage of its uptake. After that, deterioration 
occurs by astrocyte, leading to high up of extracellular glutamate 
level overstimulation of glutamatergic system.[79] A previous study 
has recorded the high level of QUIN and the neurotoxic effects 
of which may participate in structural alteration and functional 
modification in patients with brain disorders.[80] As said above 
QUIN is excitotoxic and act as modular of oxidative stress by raising 
the reactive oxygen species (ROS) which lead to excitotoxicity of 
NMDA receptor as it produces complex with iron and afterward 
high up the ROS level ultimately cause cell death.[81-83] Accordingly, 
overactivation of NMDAR plays a crucial role in the pathophysiology 
of depression.[84] And a recent study revealed that the high level 
of QUIN correlates to depressive patient.[85] Many studies strongly 
suggested that QUIN participates in producing neurodegenerative 
diseases like huntington's disease (HD).[86]

Regulation of the KP by IDO and TDO enzymes

Roles of IDO and TDO
TDO and IDO are the rate-limiting enzymes of the KP that 
regulate the production of active metabolites,[87] having identical 
functions only. Diversity lie in substrate specificity, tissue, and 
cellular localization.[88] IDO is a monomeric enzyme with a broader 
substrate specificity, extra-hepatically found in intestinal, lung, 
placenta, and brain tissue.[89,90] When KP activates in microglia 
cause large production of neurotoxic kynurenine catabolites as 
QUIN also, inflammatory mediators may affect the brain structure 

and neuronal functions by indoleamine 2,3 dioxygenase (IDO), so 
pathophysiology of depression may be linked with depression. 
TDO is the homotetrameric enzyme present in both astrocytes 
and neurons in the brain. In general, TDO actions are managed 
by tryptophan's availability. TDO expression is regulated by 
GR mediated induction; therefore, stress-associated changes 
in expression of TDO are determined by HPA-axis through 
glucocorticoids. The study indicates that in depression, TDO 
and IDO enzymes are activated, having similarities in targets for 
depression.[91]

conclusIon
There are several studies that target the role of stress-promoted KP 
activation in many brain disorders. The main role of KP imbalance 
emerges in depression and also in schizophrenia. Stress is the main 
cause of the pathophysiology of brain disorders as it activates the 
KP. KP produces biologically active metabolite as QUIN, KYNA, 
PIC, and 3-HAA, and imbalance of these metabolites results in 
development of many mental illnesses. One of the metabolites 
(QUIN) is responsible for suicidal behavior. Enzymes involved in KP 
also contribute in brain diseases as recorded in study that imbalance 
of these enzymes appears in suicidal cases. Kynurenine pathway 
plays an important role in the development of brain diseases like 
depression.
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