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Summary
Depression is highly prevalent worldwide and the leading cause of disability. It is believed 
that currently more than 300 million people of all ages suffer from depression. However, 
the unambiguous cause of the depression remains unknown. It is suggested that the oc-
currence of this disease is primarily affected by genetic factors, psychological factors and 
atypical brain structure or function. Recently, an increasingly important role is attributed 
to the inflammatory response, which is considered to be the main cause of depression. 
Activation of the kynurenine pathway (KP) is one of the described mechanisms by which 
inflammation can induce depression. Kynurenine pathway activation is associated with 
several neuropsychiatric diseases, including major depression disorder (MDD). The imbal-
ance between the neuroprotective and neurotoxic metabolites in the kynurenine pathway 
and the associated serotonin and melatonin deficiency, may contribute to the manifesta-
tion of depressive symptoms. In this review we discuss the role of the major enzymes of 
the tryptophan KP: tryptophan 2,3-dioxygenase (TDO) and indoleamine 2,3-dioxygenase 
(IDO) and the role of selected kynurenic metabolites in the depressive disorders. Particular 
attention was also paid to the genetic basis of depressive disorders and to the summary of 
current knowledge on the effectiveness of treatment and supplementation with tryptophan 
and 5-hydroxytryptophan in depression.
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INTRODUCTION

Depression is the most common mental disorder in the 
world [20]. Globally, over 300 million people of all ages 
suffer from depression [2]. Major depressive disorder 
(MDD; unipolar depression) is a relatively frequent men-
tal illness with a lifetime prevalence of about 12% [16]. 
Depression disorders have been ranked as the fourth 
leading cause of disability worldwide by the World 
Health Organization [33].

Major depressive disorder (MDD) is a serious mental dis-
order that is associated with genetic factors, psychologi-
cal factors and atypical brain structure or function [28, 
34]. Depressive disorder is a brain disorder expressed by 
the interactions of various heterogeneous pathogenic 
mechanisms, mainly associated with inflammation. This 
hypothesis is based on the studies showing that patients 
with infectious or autoimmune diseases had a relatively 
high incidence of depression. Moreover, elevated concen-
tration of inflammatory markers, such as CRP and pro-
inflammatory cytokines (IL-1β, IL-6), have been observed 
in patients with depression  [23, 66]. Inflammation is 
closely associated with the monoamine regulation, with 
increased levels of tumour necrosis factor-alpha (TNF-α) 
and interferon-gamma (IFNγ). IFNγ induces indoleamine 
2,3-dioxygenase-1 (IDO), the enzyme responsible for the 
metabolism of tryptophan (TRP). IDO guides tryptophan 
down the kynurenine (KYN) pathway and away from ser-
otonin and melatonin synthesis. The role of such pro-
cesses has been shown in the emergence of depression in 
IFN-treated hepatitis C patients [5, 6].

Researchers have found that depressive behaviours 
induced by cytokines are probably related to the acti-
vation of the kynurenine pathway (KP). So far, a great 
deal of effort in studying tryptophan metabolites has 
been focused on serotonin. However, the synthesis 
of serotonin from tryptophan accounts for only 3% of 
non-protein tryptophan metabolism. In contrast, the 
kynurenine branch of tryptophan metabolism accounts 
for approximately 90% [53]. The studies based on animal 
models of the depressive symptoms have reported that 
IDO is likely to be a key metabolic enzyme in the KP [29].

In this review, we present the kynurenine pathway of 
tryptophan catabolism, which is most crucial for inflam-
mation-induced depression. We analyse the role of the 
enzymes and metabolites in the KYN pathway and how 
it affects depression.

TRYPTOPHAN (TRP)

Tryptophan is an essential amino acid with an indole 
ring structure. Humans are not able to synthesize 
TRP and therefore, it must be obtained from nutrition 
sources e.g. chocolate, eggs, legumes, meat and fish. 
An average daily intake of TRP is 3.5 mg per kg of body 
weight and this amount is required in order to main-
tain the nitrogen balance in the human body [37]. About 

50–85% of plasma TRP is bound to albumin, and this 
bound form is unstable and easily broken [64]. Trypto-
phan is required by all living organisms.

In addition to its indispensable role in the protein syn-
thesis, tryptophan is the precursor of many physiologi-
cally important metabolites produced during the course 
of its degradation along four pathways, 3 of which are of 
quantitatively minor significance, with the fourth, the 
kynurenine pathway (KP), accounting for ~95% of over-
all TRP degradation. The pathways of little importance 
(and their important products) include: 

• hydroxylation (serotonin, 5-hydroxytryptamine or 
5-HT in the brain, and melatonin in the pineal);

• decarboxylation (tryptamine); and
• transamination (indolepyruvic acid [IPA]) [3].

The final product of the kynurenine pathway is nicotina-
mide adenine dinucleotide (NAD+), an important cofac-
tor in cellular reactions linked to energy metabolism, 
which is emerging as an attractive therapeutic target 
for several diseases [8]. It was well documented that the 
enhancement of kynurenine pathway and the increase 
in KYN/TRP ratio along with the decrease in seroto-
nin (the neurotransmitter of normal mood state), play 
a critical role in the pathophysiology of depressive dis-
orders, including MDD patients [7, 39, 42].

KYNURENINE PATHWAY (KP) IN DEPRESSIVE DISORDERS 

The KP exists mainly in the liver, where it is responsi-
ble for ~90% of overall TRP degradation under normal 
physiologic conditions. The KP also exists extrahe-
patically, but its contribution to TRP degradation is 
normally minimal (5–10%), however it becomes quan-
titatively more significant under conditions of immune 
system activation [2, 3]. The KP is regulated mainly by 
two enzymes: tryptophan 2,3-dioxygenase (TDO) in the 
liver and indoleamine 2,3-dioxygenase (IDO) in extra-
hepatic tissues [2]. Stress and immune activation can 
enhance the kynurenine pathway in depressive disor-
ders [42]. In such a case, the metabolism of tryptophan 
through kynurenine pathway takes place mainly in the 
blood and lymphoid tissues [32]. The metabolism of TRP 
in kynurenine pathway is shown in figure 1. In this path-
way, TRP is oxidized by TDO or IDO, while the product 
of this reaction (N′-formylkynurenine) is rapidly hydro-
lyzed to kynurenine. KYN is metabolized mainly by 
oxidation to 3-hydroxykynurenine (3-HK), followed by 
hydrolysis of 3-HK to 3-hydroxyanthranilic acid(3-HAA) 
or it is converted to anthranilic acid (AA). Subsequently, 
3-HAA is oxidized to an unstable intermediate, 2-amino-
3-carboxymuconic acid-6-semialdehyde (ACMS). The KP 
favors the non-enzymic cyclization of ACMS to quino-
linic acid (QUIN), which undergoes further metabolism 
to nicotinamide and NAD [2]. This pathway is connected 
with neurotoxic branch. The second is a neuroprotective 
branch, where KYN is transformed into the kynurenic 
acid by kynurenine amino transferases [29].
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enhance the kynurenine pathway through the induction 
of rate-limiting enzymes indoleamine 2,3-dioxygenase 
and tryptophan 2,3-dioxygenase.

The TDO influences systemic tryptophan levels by con-
trolling tryptophan levels in the blood, whereas IDO 
acts locally to modulate tryptophan levels in response 
to inflammation. Moreover, enzymes of the kynurenine 
pathway (TDO or IDO) are also expressed in different cell 
and tissue types, and in result, they determine the pres-
ence and relative abundance of subsequent metabolites. 
Hepatocytes are the only cells in which all enzymes of 
the kynurenine pathway are found. 

Quantitatively, the most of TRP is metabolized by TDO in 
the liver, however due to the fact that IDO is important 
in the brain, it is a key enzyme involved in the inflam-
mation-induced depression [25]. According to Winder et 
al., the pro-inflammatory cytokines that activate the IDO 
mainly include IFN-γ and to a lesser extent IFN-α and 
TNF-α [60]. Moreover, the anti-inflammatory cytokines 
(e.g. IL-4) inhibit IDO [8, 35, 41]. The TRP metabolism 
shifts from the liver to the extrahepatic sides (mainly 

In recent years, the tryptophan-kynurenine pathway 
has received greater attention, because new important 
metabolites were discovered, which may play a role in 
the health and the disease, as well as particularly in con-
ditions associated with immune dysfunction and central 
nervous system disorders [3].

THE MAIN ENZYMES OF KP: TRYPTOPHAN 2,3-DIOXYGENASE 
(TDO) AND INDOLEAMINE 2,3-DIOXYGENASE (IDO1/IDO2)

Two major enzymatic pathways metabolize the TRP. One 
pathway utilizes TDO, while the second pathway is reg-
ulated by the ubiquitous IDO [1]. The TDO is expressed 
mainly in the liver and its expression is induced by tryp-
tophan itself or by corticosteroids (e.g. cotrisol), secretion 
of which occurs in response to stress [57]. In the normal 
physiologic conditions, the activity of TDO is generally 
stabilized and it is mainly controlled by the TRP [59]. 
Under physiological conditions, about 99% of tryptophan 
is degraded by the TDO into kynurenine (KYN) in the liver. 
In contrast to the TDO, the IDO activity is weak in many 
extrahepatic tissues, about 5% of the hepatic activity 
TDO [11]. However, the stress and immune activation can 
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a significant reduction in the concentrations of KYNA, 
KYN and ratios of KYNA/QUIN in the depressed patients, 
compared to the control subjects [40]. This imbalance 
in KYN pathway not only emerged in active depressed 
phase, but also persisted in patients with major depres-
sion in long-term remission [47].

KYNURENIC ACID (KYNA)

Kynurenic acid is an endogenous antagonist of iono-
tropic glutamate receptors, the alpha 7 nicotinic acetyl-
choline receptor and the N-methyl d-aspartate (NMDA) 
receptor, with anticonvulsant, neuroprotective and 
antidepressant activity  [52]. KYNA concentration is 
decreased in the MDD [45].

Kynurenic acid possesses anti-inflammatory and antiox-
idant properties [20]. Out of all individual by-products of 
the KP, the KYNA has been mostly studied. It was origi-
nally discovered in canine urine, but higher concentra-
tions of KYNA have been measured in the gut (increasing 
gradually along its length), bile, pancreatic juice of rats 
and pigs, as well as, to a lesser extent, in human saliva 
and synovial and amniotic fluid [55]. It has been shown 
that KYNA has hepatoprotective role in the rat’s model, 
which may be potentially used in in the treatment of 
acute liver failure [20]. Its pharmacological role arouse 
the continuing interest of the researchers [54].

NEUROTOXIC BRANCH

Several metabolic factors in the KYN - QUIN branches 
have been corroborated to be neurotoxic and therefore, 
they are called the neurotoxic branch of the KP [29]. 
Both 3-hydroxykynurenine (3-HK) and 3-hydroxy-
anthranilic acid (3-HAA) are accepted as pro-oxidant 
metabolites and free radical generators [10, 48]. Under 
the conditions of immune activation, the QUIN lev-
els are considerably increased. The increased levels of 
QUIN are involved in neurodegenerative and neurologi-
cal disorders, such as Alzheimer’s disease, Huntington’s 
disease, amyotrophic lateral sclerosis, AIDS-dementia, 
cerebral malaria, depression, and schizophrenia [21]. 
The ratio of neuroprotective factors to neurotoxic fac-
tors (KYNA/QUIN) could be used to estimate the imbal-
ance of the KP metabolism, in order to assess the degree 
of nerve injury [26].

GENES REGULATION 

Experimental animal models have shown that genetic or 
pharmacological inhibition of the KYN pathway reduces 
the induction of depression-like behaviour caused by 
lipopolysaccharide (LPS) administration [36].

The identification of a single gene, which will be associ-
ated with major depression, is difficult, because the psy-
chiatric illnesses are under polygenic influence and they 
are associated with the interactions between genetic 
variants and environmental exposures [56].

brain) in an inflammatory state or infectious condi-
tion. The activity of IDO can be evaluated by the ratio 
KYN/TRP and this marker is especially important in the 
inflammatory state [12].

As a precursor, the KYN is catabolised mainly into KYNA 
or quinolinic acid (QUIN). However, in the presence of 
inflammation, the KYN metabolism shifts to the QUIN 
arm and leads to a reduction in KYNA/KYN [36].

The activation of IDO may also reduce serotonin concen-
tration. The behavioural and neural effects of IDO are 
believed to be primarily dependent on the formation 
of neuroactive kynurenine metabolites, rather than the 
reduction in serotonin [12, 38].

KYNURENINE PATHWAY METABOLITES (TRYCATS)

Recent studies reported that stress could increase 
the permeability of the blood brain barrier (BBB) in 
depression, thus the ability of kynurenine metabolites 
to cross the BBB is increased in the major depressive 
disorders [18, 31]. Kynurenine and its metabolites are 
known for their effects on the central nervous system 
(CNS) and they have been linked to several psychi-
atric and mental health disorders, such as depres-
sion and schizophrenia. The CNS receives about 60% 
of KYN from the periphery through the transport 
across the blood-brain barrier, while the rest is pro-
duced locally [8]. Individual kynurenines have neuro-
protective and neurotoxic effects, and the imbalance 
between them is one of the causes of the manifesta-
tion of depressive symptoms. In the brain, most of the 
kynurenine pathway metabolites are formed in the 
microglia and astrocytes. The synthesis of 3-hydrox-
ykynurenine and further downstream metabolites 
occurs in microglia, while the synthesis of kynurenic 
acid in the astrocytes [22]. In addition, there is evi-
dence for interplay between tryptophan metabolites 
in the peripheral tissues and in the central nervous 
system, which are separated by the blood–brain bar-
rier. Tryptophan, kynurenine, 3-hydroxykynurenine, 
and anthranillic acid can cross the blood–brain barrier 
easily. Due to that fact, the fluctuations in the blood 
levels of these metabolites can affect metabolism in 
the kynurenine pathway in the brain. Kynurenic acid, 
3-hydroxyanthranilic acid and quinolinic acid cross 
the barrier poorly  [18]. The imaging studies have 
also demonstrated that abnormal KYN metabolites 
(mainly: 3-HK, QUIN, 3-HAA) are correlated with vol-
ume loss in the hippocampus and reduced grey matter 
density in the prefrontal lobe, both critical areas for 
learning and memory function in the MDD and other 
psychiatric disorders [46].

KYNURENINE (KYN)

The kynurenine to tryptophan (KYN/TRP) ratio is elevated 
in the major depressive disorder (MDD)  [19].A  recent 
meta-analysis has evaluated KYN pathway and found 
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sure of LPS and chronic mild stress (CMS), treatment 
with the antidepressants imipramine was effective in 
reversing depressive-like behavior and the elevated 
KYN/TRP ratio and TNF-α gene expression [14]. Chen 
et al. suggest that classical antidepressants act on the 
KYN pathway and that KYN pathway modulators pro-
duce antidepressant effects in rodents. Rats subjected 
to unpredictable chronic mild stress (UCMS), and QUIN 
microinjection into the hippocampus exhibited depres-
sive-like behavior and increased levels of glutamate [9]. 
In an animal model of depression induced by TRP diet 
depletion, the depressive-like behavior was associ-
ated with increased levels of KYN and reduced levels 
of KYNA. Treatment with the paroxetine (SSRI group) 
reversed these alterations in KYN pathway, but not the 
depressive behavior [17].

The effect of drugs on kynurenine metabolites is not 
fully characterized. The evidences presented above 
suggest that classical antidepressants cause a general 
reduction in concentrations of metabolites downstream 
TRP or shift the metabolism from the neurotoxic to neu-
roprotective pathway. 

TRYPTOPHAN AND 5-HYDROXYTRYPTOPHAN 
SUPPLEMENTATION

L-tryptophan is the precursor – via the intermediate 
5-hydroxytryptophan (5-HTP) – of serotonin (5-HT). 
Some metabolic changes that are observed in depres-
sion may suggest that a dysfunction in the serotoner-
gic neurotransmission is one of possible mechanisms 
of depression. These changes include: decreased sero-
tonin (5-HT) uptake by the platelets; diminished levels 
of tryptophan in the plasma; changes in 5HT1A recep-
tor density in different brain areas; decreased prolactin 
release in response to acute administration of 5-HT-
reuptake inhibitors. Moreover, the efficacy of antide-
pressant medications (such as tricyclic antidepressants 
(TCAs), SSRIs) may be altered by the decreased potential 
to inhibit the serotonin transporter. The inhibition of 
serotonin synthesis by an administration of parachloro-
phenylalanine decreases the efficacy of antidepressants. 
Moreover, the use of a special diet containing various 
amino acids, except for tryptophan (resulting in the 
decrease of 5-HT synthesis in the brain) may lower mood 
mainly among recovered depressed patients withdrawn 
from antidepressants (but not among the healthy vol-
unteers) [20, 59]. An increase in the extracellular level 
of 5-HT is associated with antidepressant effects  [60, 
61]. 5-HT is unable to penetrate through the blood-brain 
barrier (BBB), so if we intend to elevate the level of 5-HT 
in the central nervous system (CNS), we should admin-
ister either tryptophan or 5-HTP, which are able to cross 
the BBB. It should be noted, however, that the pharma-
cokinetic features of tryptophan and 5-HTP, due to their 
short half-life, are not optimal, so various modifications 
have been used to overcome these limitations (e.g. the 
co-administration of peripheral amino acid decarboxy-
lase inhibitors). Others have proposed the development 

Major depressive disorder has been associated with poly-
morphisms in the glucocorticoid receptor gene NR3C1, the 
monoamine oxidase A gene, the gene for glycogen syn-
thase kinase-3β and a group-2 metabotropic glutamate 
receptor gene (GRM3). Bieliński et al. have shown the rela-
tion between polymorphisms in the DAT1 and COMPT, 
as well as the intensity of depression symptoms in obese 
subjects [4]. Whereas, the most recent study has found an 
increased expression of 15 genomic regions in the subjects 
with MDD from European population (n=75 607) [24].

It is estimated that the heredity of depressive disor-
ders reaches 50%. This means that genes alone are 
not enough to explain all the cases of mood disorders. 
Genetic predisposition increases the risk, which in com-
bination with environmental stressors, may ultimately 
result in the occurrence of the disease. Many of these 
genes are associated with decreased neuroplasticity of 
the brain and inflammation, which reduce ability of the 
brain to respond to external stressors factors [49].

ANTIDEPRESSANT TREATMENT – THE ROLE OF THE 
KYNURENINE PATHWAY

The largest group of antidepressant is related to the 
monoamine hypothesis (an imbalance or a deficiency 
of the monoamine neurotransmitters like: serotonin in 
depressive patients). Another group of antidepressants 
is ketamine, an antagonist of NMDA receptors. Recent 
studies have found that selective serotonin reuptake 
inhibitors (SSRIs) or a serotonin modulator and stim-
ulators (SMSs) are linked to KYN pathway regulation. 
Animals studies have showed that SSRIs impact TRP 
metabolism by limiting the production of KYN metabo-
lites via regulation on TDO or IDO or shift the KYN catab-
olism away from the neurotoxic KMO pathway towards 
the potential neuroprotective KYNA by regulating rel-
evant enzymes [44, 51]. The antidepressant sertraline 
(SSRI group) caused a reduction in the KYN/MEL (mela-
tonin) ratio and 3-hydroxykynurenine (3-HK)/MEL ratio 
in MDD patients, compared to pretreatment. Patients 
who showed poor response to sertraline treatment did 
not experience changes in these pathways [65]. Mac-
kay et al. showed a positive correlation between KYN 
metabolite concentrations and psychiatric rating scores 
in depressive patients treated for 18 weeks with fluoxe-
tine (SSRI group) [30]. Eskelund et al. in the recent study 
have shown that chronic vortioxetine (SMS group) or 
fluoxetine (SSRI group) treatment was associated with 
reduction in levels of the QUIN in various brain regions 
and plasma of animals with depression-like pheno-
type. Contrary, ketamine had no effect on the metabo-
lites levels of KP pathway [15]. The decreases in QUIN 
with antidepressants is particular interesting as QUIN 
is a potential neurotoxin, which is increased in depres-
sion and its level correlates positively with the sever-
ity of depressive symptoms [78, 79]. Another study has 
observed that ketamine had no effect on IDO activity or 
pro-inflammatory cytokines in mice with LPS-induced 
anhedonic behavior [58]. In rats with combined expo-
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CONCLUSIONS

The inflammatory processes may play a causal role in 
the development of depressive illness, including MDD. 
The studies of hepatitis C or cancer patients receiving 
treatment with inflammation-inducing medications, 
show increased activation of the kynurenine pathway 
and decreased levels of tryptophan, which correlate 
with the inflammation-induced depression. Evidence 
from patients with inflammatory diseases or patients 
treated with interferon-α also demonstrated a strong 
correlation between the depressive symptoms and the 
production of neurotoxic kynurenine metabolites [43].

Initially, activation of the kynurenine pathway was 
believed to cause depressive symptoms as a result of ser-
otonin depletion in the brain. However, the weight of the 
evidences suggests that an imbalance between neuro-
toxic and neuroprotective metabolites in the KP may be 
the principal driver of depression. Inflammation plays 
the main role in the deregulation of KP, however the 
enhanced immune response is not sufficient to develop 
depressive disorders. Many literature sources provide 
evidence that tryptophan metabolism is involved in the 
pathophysiology of depression (Table 1).

of a slow-release form of 5-HTP to improve its pharma-
cokinetic efficacy. [60]. Several clinical investigations 
with various settings have been carried out to assess 
the antidepressive properties of 5-HTP and tryptophan. 
Unfortunately, these studies had usually small sample 
size and included not only patients with MDD, but also 
patients with bipolar depression or with schizoaffective 
disorder (moreover, some studies exclusively enrolled 
patients with diagnoses other than classic MDD). 5HTP 
and tryptophan as the supplements were compared to 
the placebo groups or to the patients with various anti-
depressants (i.e. active comparators, such as tranyl-
cypromine; clomipramine; imipramine; fluvoxamine; 
fluoxetine). In addition, a few studies were conducted 
to assess the efficacy of L-tryptophan and 5-HTP as an 
adjunctive treatment to antidepressants  [60, 63, 64]. 
However, all these preclinical studies did not support 
a hypothesis that tryptophan and 5-HTP are able to aug-
ment the effect of standard antidepressants either [66]. 
In addition, supplementation with both tryptophan and 
5-HTP may cause side effects [50, 61]. Supplementation 
of tryptophan and 5-HTP is not included in the recom-
mendations for the treatment of depressive disorders. 
Further studies are needed to determine whether tryp-
tophan and 5-HTP are valuable factors in the adjuvant 
treatment of depression.

Table 1. Current state of knowledge about the importance of kynurenine pathway in depressive disorders

Study Year
Sample 

type
Sample size Main conclusions

Gabbay 
et al. 
[19]

2010
Human

Blood samples

Adolescents with M-MDD  (MDD 
with melancholic features; n = 20)

Adolescents with Non M-MDD 
(MDD without melancholic 

features; n = 30)
Healthy adolescents n = 22

KYN/TRP ratios were elevated and TRP concentrations were reduced in adolescents 
with M-MDD compared to Non M-MDD adolescents and to healthy controls. 

Adolescents with M-MDD may represent a biologically distinct clinical syndrome 
with increased activation of the KP

Wurfel 
et al. 
[62]

2017
Human

Blood samples

Patients with MDD n = 35
Bipolar disorders (BD) n = 53  
Healthy controls (HC) n = 92

In multiple analysis, MDD and BD  patients had significantly reduced serum 
values of KYNA and/or KYNA/QUIN in comparison to control. There were positive 

correlations between CRP and KYN/TRP, 3HK, QUIN, 3HK/KYN (surrogate marker of 
KMO activity). 

Inflammation upregulates the enzyme, kynurenine mono-oxygenase (KMO), which 
converts KYN into 3-HK and QUIN (neurotoxic pathway)

Liu 
et al. 
[29]

2018
Human

Blood samples

Patients with MDD n = 33 
Bipolar depression (BD) n = 20

healthy control (HC) n = 20

Both MDD and BD groups showed significantly lower values of KYNA, QUIN,  KYNA/
QUIN and KYNA/KYN in comparison to HC.  MDD and BD groups did not differ.

Depression scale was negatively correlated with TRP, KYN, KYNA/QUIN values in the 
MDD. KYNA levels may be a potential biomarker for depression. Metabolites of KP 

have a crucial role in the occurrence and development of MDD

Duda 
et al. 
[13]

2019
Rat

brain and 
spleen tissues

5 weeks administration of 
imipramine (IMI) to rats subjected 

to chronic mild stress (CMS).
80% of animals respond to IMI 

(CMS IMI-R). 
20% of animals did not respond to 

IMI (CMS IMI-NR).

CMS increased IFN-γ, IL-6 and IDO mRNA and decreased KAT II (KP neuroprotective 
enzyme) mRNA expression in the cortex.  CMS increased production of IFN-γ and 

IL-6 proteins in the spleen (this synthesis was decreased  in CMS IMI-R).
Chronic IMI administration to CMS rats decreased IDO and KMO mRNA and protein 
expression and increased KAT II/KMO mRNA and protein ratio in CMS IMI-R. CMS 
IMI-NR rats had higher IDO mRNA expression and protein level in comparison to 

IMI responders The antidepressant activity of IMI may be explained by modulatory 
activities on the KAT II/KMO  ratio in brain areas
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[9] Chen H.B., Li F., Wu S., An S.C.: Hippocampus quinolinic acid modu-
lates glutamate and NMDAR/mGluR1 in chronic unpredictable mild 
stress-induced depression. Sheng Li Xue Bao, 2013; 65: 577–585

[10] Chiarugi A., Meli E., Moroni F.: Similarities and differences in 
the neuronal death processes activated by 3OH-kynurenine and 
quinolinic acid. J. Neurochem., 2001; 77: 1310–1318

[11] Cook J.S., Pogson C.I., Smith S.A.: Indoleamine 2,3-dioxygenase. 
A new, rapid, sensitive radiometric assay and its application to the 
study of the enzyme in rat tissues. Biochem. J., 1980; 189: 461–466

[12] Dantzer R., O’Connor J.C., Lawson M.A., Kelley K.W.: Inflamma-
tion-associated depression: From serotonin to kynurenine. Psycho-
neuroendocrinology, 2011; 36: 426–436

[13] Duda W., Curzytek K., Kubera M., Connor T.J., Fagan E.M., Basta-
-Kaim A., Trojan E., Papp M., Gruca P., Budziszewska B., Leśkiewicz M., 
Maes M., Lasoń W.: Interaction of the immune-inflammatory and the 
kynurenine pathways in rats resistant to antidepressant treatment 
in model of depression. Int. Immunopharmacol., 2019; 73: 527–538

[14] Elgarf A.S., Aboul-Fotouh S., Abd-Alkhalek H.A., El Tabbal M., 
Hassan A.N., Kassim S.K., Hammouda G.A., Farrag K.A., Abdel-Tawab 
A.M.: Lipopolysaccharide repeated challenge followed by chronic 
mild stress protocol introduces a combined model of depression 
in rats: reversibility by imipramine and pentoxifylline. Pharmacol. 
Biochem. Behav., 2014; 126: 152–162

[15] Eskelund A., Li Y., Budac D.P., Müller H.K., Gulinello M., Sanchez 
C., Wegener G.: Drugs with antidepressant properties affect trypto-
phan metabolites differently in rodent models with depression- like 
behavior. J. Neurochem., 2017; 142: 118–131

[16] Flint J., Kendler K.S.: The genetics of major depression. Neuron, 
2014; 81: 484–503

[17] Franklin M., Bermudez I., Murck H., Singewald N., Gaburro S.: 
Sub-chronic dietary tryptophan depletion – an animal model of 

[1] Arnone D., Saraykar S., Salem H., Teixeira A.L., Dantzer R., Se-
lvaraj S.: Role of kynurenine pathway and its metabolites in mood 
disorders: A systematic review and meta-analysis of clinical studies. 
Neurosci. Biobehav. Rev., 2018; 92: 477–485

[2] Badawy A.A.: Hypothesis kynurenic and quinolinic acids: The 
main players of the kynurenine pathway and opponents in inflam-
matory disease. Med. Hypotheses, 2018; 118: 129–138

[3] Badawy A.A.: Kynurenine pathway of tryptophan metabolism: 
Regulatory and functional aspects. Int. J. Tryptophan Res., 2017; 
10: 1178646917691938

[4] Bieliński M., Jaracz M., Lesiewska N., Tomaszewska M., Siko-
ra M., Junik R., Kamińska A., Tretyn A., Borkowska A.: Association 
between COMT Val158Met and DAT1 polymorphisms and depressi-
ve symptoms in the obese population. Neuropsychiatr. Dis. Treat., 
2017; 13: 2221–2229

[5] Bonaccorso S., Marino V., Biondi M., Grimaldi F., Ippoliti F., 
Maes M.: Depression induced by treatment with interferon-alpha 
in patients affected by hepatitis C virus. J. Affect. Disord., 2002; 
72: 237–241

[6] Bonaccorso S., Marino V., Puzella A., Pasquini M., Biondi M., 
Artini M., Almerighi C., Verkerk R., Meltzer H., Maes M.: Incre-
ased depressive ratings in patients with hepatitis C receiving 
interferon-α-based immunotherapy are related to interferon-α-
induced changes in the serotonergic system. J. Clin. Psychophar-
macol., 2002; 22: 86–90

[7] Capuron L., Ravaud A., Neveu P.J., Miller A.H., Maes M., Dantzer 
R.: Association between decreased serum tryptophan concentrations 
and depressive symptoms in cancer patients undergoing cytokine 
therapy. Mol. Psychiatry, 2002; 7: 468–473

[8] Cervenka I., Agudelo L.Z., Ruas J.L.: Kynurenines. Tryptophan’s 
metabolites in exercise, inflammation, and mental health. Science, 
2017; 357: eaaf9794

Study Year
Sample 

type
Sample size Main conclusions

Kruse 
et al. 
[27]

2019
Human

Blood samples

Healthy participants 
61 received endotoxin 

(inflammation-induced depressed 
mood)

54 received placebo

Endotoxin -induced inflammation leads to rapid changes in levels of kynurenine, 
tryptophan, and kynurenic acid, (QUIN change was not significant). Endotoxin-

induced cytokines concentrations were positively associated with KYN and KYNA, 
and negatively with TRP. Changes in KYN and QUIN among endotoxin-exposed 

participants were  positively associated with changes in depressed mood (according 
to the authors, this association would not survive in the multiple analysis)

Colle 
et al. 
[62]

2019
Human

Blood samples

Current major depressive episode 
(MDE) patients (n = 173) 

 Healthy control (n = 214).

Tryptophan levels did not differ
between MDE patients  and healthy control.

Serotonin, kynurenine and kynurenine pathways metabolites with neuroprotective 
effects were lower in MDE patients

Arnone 
D. et al. 

[1]
2018 Human

Meta-Analysis of 21 clinical studies 
(14 investigating MDD and 7 BD). 

Meta-analysis supports a role of KP in the pathogenesis of mood disorders. 
Imbalance between neuroprotective and neurotoxic kynurenine metabolites could 

play a role in mood disorders. A reduction in kynurenine metabolites (but not  
tryptophan) in major depression is a main observation

Ogyu 
K. et al. 

[40]
2018 Human Meta-Analysis of 45 clinical studies 

Individuals with depression had decreased level of KYNA, KYN and KYNA/QUIN.  
Antidepressant-free patients showed decreased KYNA levels and increased QUIN levels

REFERENCES



338

Postepy Hig Med Dosw (online), 2020; tom 74: 331-339

[35] Musso T., Gusella G.L., Brooks A., Longo D.L, Varesio L.: Inter-
leukin-4 inhibits indoleamine 2,3-dioxygenase expression in human 
monocytes. Blood, 1994; 83: 1408-1411

[36] Myint A.M.: Kynurenines: from the perspective of major psy-
chiatric disorders. FEBS J., 2012; 279: 1375–1385

[37] National Research Council. 1989. Recommended Dietary Al-
lowances: 10th Edition. Washington, DC: The National Academies 
Press. https://doi.org/10.17226/1349 (26.06.2019)

[38] O’Connor J.C., Lawson M.A., André C., Moreau M., Lestage J., Ca-
stanon N., Kelley K.W., Dantzer R.: Lipopolysaccharide-induced de-
pressive-like behavior is mediated by indoleamine 2,3-dioxygenase 
activation in mice. Mol. Psychiatry, 2009; 14: 511–522

[39] Ogawa S., Fujii T., Koga N., Hori H., Teraishi T., Hattori K., Noda 
T., Higuchi T., Motohashi N., Kunugi H.: Plasma L-tryptophan concen-
tration in major depressive disorder: New data and meta-analysis. 
J. Clin. Psychiatry, 2014; 75: e906–e915

[40] Ogyu K., Kubo K., Noda Y., Iwata Y., Tsugawa S., Omura Y., Wada 
M., Tarumi R., Plitman E., Moriguchi S., Miyazaki T., Uchida H., Graff-
-Guerrero A., Mimura M., Nakajima S.: Kynurenine pathway in de-
pression: a systematic review and meta-analysis. Neurosci. Biobehav. 
Rev., 2018; 90: 16–25

[41] Oxenkrug G.F.: Tryptophan kynurenine metabolism as a com-
mon mediator of genetic and environmental impacts in major de-
pressive disorder: The serotonin hypothesis revisited 40 years later. 
Isr. J. Psychiatry Relat. Sci., 2010; 47: 56–63

[42] Qin Y., Wang N., Zhang X., Han X., Zhai X., Lu Y.: IDO and TDO 
as a potential therapeutic target in different types of depression. 
Metab. Brain Dis., 2018; 33: 1787–1800

[43] Raison C.L., Dantzer R., Kelley K.W., Lawson M.A., Woolwine 
B.J., Vogt G., Spivey J.R., Saito K., Miller A.H.: CSF concentrations of 
brain tryptophan and kynurenines during immune stimulation with 
IFN-α: Relationship to CNS immune responses and depression. Mol. 
Psychiatry, 2010; 15: 393–403

[44] Réus G.Z., Carlessi A.S., Titus S.E., Abelaira H.M., Ignácio Z.M., da 
Luz J.R., Matias B.I., Bruchchen L., Florentino D., Vieira A., Petronilho 
F., Quevedo J.: A single dose of S-ketamine induces long-term anti-
depressant effects and decreases oxidative stress in adulthood rats 
following maternal deprivation. Dev. Neurobiol., 2015; 75: 1268–1281

[45] Réus G.Z., Jansen K., Titus S., Carvalho A.F., Gabbay V., Quevedo 
J.: Kynurenine pathway dysfunction in the pathophysiology and tre-
atment of depression: evidences from animal and human studies. J. 
Psychiatr. Res., 2015; 68: 316–328

[46] Savitz J., Drevets W.C., Smith C.M., Victor T.A., Wurfel B.E., Bell-
gowan P.S., Bodurka J., Teague T.K., Dantzer R.: Putative neuroprotec-
tive and neurotoxic kynurenine pathway metabolites are associated 
with hippocampal and amygdalar volumes in subjects with major 
depressive disorder. Neuropsychopharmacology, 2015; 40: 463–471

[47] Savitz J., Drevets WC., Wurfel B.E., Ford B.N., Bellgowan P.S., 
Victor T.A., Bodurka J., Teague T.K., Dantzer R.: Reduction of ky-
nurenic acid to quinolinic acid ratio in both the depressed and re-
mitted phases of major depressive disorder. Brain Behav. Immun., 
2015; 46: 55–59

[48] Schwarcz R., Whetsell W.O. Jr., Mangano R.M.: Quinolinic acid: 
an endogenous metabolite that produces axon-sparing lesions in 
rat brain. Science, 1983; 219: 316–318

[49] Serretti A.: Genetics and pharmacogenetics of mood disorders. 
Psychiatr. Pol., 2017; 51: 197–203

[50] Sforzini L., Nettis M.A., Mondelli V., Pariante C.M.: Inflamma-
tion in cancer and depression: A starring role for the kynurenine 
pathway. Psychopharmacology, 2019; 236: 2997–3011

[51] Steiner J., Walter M., Gos T., Guillemin G.J., Bernstein H.G., Sar-
nyai Z., Mawrin C., Brisch R., Bielau H., Meyer zu Schwabedissen L., 
Bogerts B., Myint A.M.: Severe depression is associated with incre-

depression with improved face and good construct validity. J. Psy-
chiatr. Res., 2012; 46: 239–247

[18] Fukui S., Schwarcz R., Rapoport S.I., Takada Y., Smith Q.R.: Blo-
od-brain barrier transport of kynurenines: implications for brain 
synthesis and metabolism. J. Neurochem., 1991; 56: 2007–2017

[19] Gabbay V., Klein R.G., Katz Y., Mendoza S., Guttman L.E., Alonso 
C.M., Babb J.S., Hirsch G.S., Liebes L.: The possible role of the kynu-
renine pathway in adolescent depression with melancholic features. 
J. Child Psychol. Psychiatry, 2010; 51: 935–943

[20] GBD 2015 Disease and Injury Incidence and Prevalence Colla-
borators: Global, regional, and national incidence, prevalence, and 
years lived with disability for 310 diseases and injuries, 1990–2015: 
A systematic analysis for the Global Burden of Disease Study 2015. 
Lancet, 2016; 388: 1545–1602

[21] Guillemin G.J.: Quinolinic acid, the inescapable neurotoxin. FEBS 
J., 2012; 279: 1356–1365

[22] Guillemin G.J., Kerr S.J., Smythe G.A., Smith D.G., Kapoor V., 
Armati P.J., Croitoru J., Brew B.J.: Kynurenine pathway metabolism 
in human astrocytes: a paradox for neuronal protection. J. Neuro-
chem., 2001; 78: 842–853

[23] Howren M.B., Lamkin D.M., Suls J.: Associations of depression 
with C- reactive protein, IL-1, and IL-6: A meta-analysis. Psychosom. 
Med., 2009; 71: 171–186

[24] Hyde C.L., Nagle M.W., Tian C., Chen X., Paciga S.A., Wendland 
J.R., Tung J.Y., Hinds D.A., Perlis R.H., Winslow A.R.: Identification of 
15 genetic loci associated with risk of major depression in individuals 
of European descent. Nat. Genet., 2016; 48: 1031–1036

[25] Jeon S.W., Kim Y.K.: Inflammation-induced depression: Its patho-
physiology and therapeutic implications. J. Neuroimmunol., 2017; 
313: 92–98

[26] Johansson A.S., Owe-Larsson B., Asp L., Kocki T., Adler M., Hetta 
J., Gardner R., Lundkvist G.B., Urbanska E.M., Karlsson H.: Activation 
of kynurenine pathway in ex vivo fibroblasts from patients with bipo-
lar disorder or schizophrenia: cytokine challenge increases produc-
tion of 3-hydroxykynurenine. J. Psychiatr. Res., 2013; 47: 1815–1823

[27] Kruse J.L., Cho J.H., Olmstead R., Hwang L., Faull K., Eisenberger 
N.I., Irwin M.R.: Kynurenine metabolism and inflammation-induced 
depressed mood: A human experimental study. Psychoneuroendo-
crinology, 2019; 109: 104371

[28] Kupfer D.J., Frank E., Phillips M.L.: Major depressive disorder: 
new clinical, neurobiological, and treatment perspectives. Lancet, 
2012; 379: 1045–1055

[29] Liu H., Ding L., Zhang H., Mellor D., Wu H., Zhao D., Wu C., Lin 
Z., Yuan J., Peng D.: The metabolic factor kynurenic acid of kynure-
nine pathway predicts major depressive disorder. Front. Psychia-
try, 2018; 9: 552

[30] Mackay G.M., Forrest C.M., Christofides J., Bridel M.A., Mitchell 
S., Cowlard R., Stone T.W., Darlington L.G.: Kynurenine metabolites 
and inflammation markers in depressed patients treated with fluoxe-
tine or counselling. Clin. Exp. Pharmacol. Physiol., 2009; 36: 425–435

[31] Menard C., Pfau M.L., Hodes G.E., Kana V., Wang V.X., Bouchard 
S., Takahashi A., Flanigan M.E., Aleyasin H., LeClair K.B., Janssen 
W.G., Labonté B., Parise E.M., Lorsch Z.S., Golden S.A., et al.: Social 
stress induces neurovascular pathology promoting depression. Nat. 
Neurosci., 2017; 20: 1752–1760

[32] Moffett J.R., Namboodiri M.A.: Tryptophan and the immune 
response. Immunol. Cell Biol., 2003; 81: 247–265

[33] Murray C.J., Lopez A.D.: Measuring the global burden of disease. 
N. Engl. J. Med., 2013; 369: 448–457

[34] Murray E.A., Wise S.P., Drevets W.C.: Localization of dysfunction 
in major depressive disorder: prefrontal cortex and amygdala. Biol. 
Psychiatry, 2011; 69: e43–e54



339

Kubacka J. et al. – Kynurenine pathway...

[60] Widner B., Ledochowski M., Fuchs D.: Interferon-gamma-indu-
ced tryptophan degradation: Neuropsychiatric and immunological 
consequences. Curr. Drug Metab., 2000; 1: 193–204

[61] Wigner P., Czarny P., Galecki P., Su K.P., Sliwinski T.: The mole-
cular aspects of oxidative & nitrosative stress and the tryptophan 
catabolites pathway (TRYCATs) as potential causes of depression. 
Psychiatry Res., 2018; 262: 566–574

[62] Wurfel B.E., Drevets W.C., Bliss S.A., McMillin J.R., Suzuki H., Ford 
B.N., Morris H.M., Teague T.K., Dantzer R., Savitz J.B.: Serum kynurenic 
acid is reduced in affective psychosis. Transl. Psychiatry, 2017; 7: e1115

[63] Young S.N.: Acute tryptophan depletion in humans: a review 
of theoretical, practical and ethical aspects. J. Psychiatry Neurosci., 
2013; 38: 294–305

[64] Yuwiler A., Oldendorf W.H., Geller E., Braun L.: Effect of albu-
min binding and amino acid competition on tryptophan uptake into 
brain. J. Neurochem., 1977; 28: 1015–1023

[65] Zhu H., Bogdanov M.B., Boyle S.H., Matson W., Sharma S., Mat-
son S., Churchill E., Fiehn O., Rush J.A., Krishnan R.R., Pickering 
E., Delnomdedieu M., Kaddurah-Daouk R., Pharmacometabolomics 
Research Network: Pharmacometabolomics of response to sertra-
line and to placebo in major depressive disorder – possible role for 
methoxyindole pathway. PLoS One, 2013; 8: e68283

[66] Zunszain P.A., Hepgul N., Pariante C.M.: Inflammation and de-
pression. Curr. Top. Behav. Neurosci., 2013; 14: 135–151

The authors have no potential conflicts of interest to 
declare.

ased microglial quinolinic acid in subregions of the anterior cin-
gulate gyrus: evidence for an immune-modulated glutamatergic 
neurotransmission? J. Neuroinflammation, 2011; 8: 94

[52] Stone T.W.: Neuropharmacology of quinolinic and kynurenic 
acids. Pharmacol. Rev., 1993; 45: 309–379

[53] Stone T.W., Darlington L.G.: Endogenous kynurenines as tar-
gets for drug discovery and development. Nat. Rev. Drug Discov., 
2002; 1: 609–620

[54] Turska M., Rutyna R., Paluszkiewicz M., Terlecka P., Dobrowolski 
A., Pelak J., Turski M.P., Muszyńska B., Dabrowski W., Kocki T., Plech 
T.: Presence of kynurenic acid in alcoholic beverages – Is this good 
news, or bad news? Med. Hypotheses, 2019; 122: 200–205

[55] Turski M.P., Turska M., Paluszkiewicz P., Parada-Turska J., Oxen-
krug G.F.: Kynurenic acid in the digestive system – New facts, new 
challenges. Int. J. Tryptophan Res., 2013; 6: 47–55

[56] Uher R.: The role of genetic variation in the causation of mental 
illness: An evolution-informed framework. Mol. Psychiatry, 2009; 
14: 1072–1082

[57] Van der Goot A.T., Nollen E.A.: Tryptophan metabolism: en-
tering the field of aging and age-related pathologies. Trends Mol. 
Med., 2013; 19: 336–344

[58] Walker A.K., Budac D.P., Bisulco S., Lee A.W., Smith R.A., Be-
enders B., Kelley K.W., Dantzer R.: NMDA receptor blockade by 
ketamine abrogates lipopolysaccharide-induced depressive-like 
behavior in C57BL/6J mice. Neuropsychopharmacology, 2013; 
38: 1609-1616

[59] Watanabe Y., Fujiwara M., Yoshida R., Hayaishi O.: Stereospe-
cificity of hepatic L-tryptophan 2,3-dioxygenase. Biochem. J., 1980; 
189: 393–405


