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The kynurenine pathway is crucial for the metabolism of tryptophan in mammals. It has been suggested 

that a dysregulation of the kynurenine pathway plays an important role in the development of neuro-

degenerative diseases. The first and rate-limiting step of the kynurenine pathway of tryptophan degra-

dation is catalysed by the enzymes tryptophan 2,3-dioxygenase (TDO) and indoleamine 2,3-dioxygenase 

(IDO), which leads to the formation of N-formylkynurenine, which in turn leads to the formation of 

kynurenine. Kynurenine-3-monooxygenase catalyses the synthesis of kynurenine’s neuroactive metabo-

lites: the neurotoxic 3-hydroxykynurenine and quinolinic acid and the neuroprotective kynurenic acid. 

There is evidence that an imbalance between these three metabolites could potentially lead to neuro-

degeneration, which could cause neurodegenerative diseases. Recently several studies have highlighted 

the therapeutic potential of the enzyme TDO. Therefore, TDO as a therapeutic target in Parkinson’s 

disease, Huntington’s disease and Alzheimer’s disease is reviewed. Inhibition of the kynurenine pathway 

was found to be neuroprotective in several models of Parkinson’s disease, Huntington’s disease, and 

Alzheimer’s disease. Particularly, inhibition of TDO was found to be neuroprotective in fruit fly and 

mice models of these neurodegenerative diseases. It is hypothesized that inhibition of TDO is neuropro-

tective by restoring the balance between the neuroactive metabolites of the kynurenine pathway. Fur-

thermore, the therapeutic potential of IDO and kynurenine-3-monooxygenase is highlighted. Even 

though more research is needed to further validate TDO as a potential target, it shows great potential 

as a target for the treatment of neurodegenerative disorders. 

 

The kynurenine pathway (KP) is the primary 

pathway for the metabolism of the essential 

amino acid tryptophan (TRP) in mammals, and 

it has been closely linked to the pathogenesis of 

several neurodegenerative diseases.1–5 It plays 

an important modulatory role in the immune re-

sponse, and it is often up-regulated when an im-

mune response takes place.6 Tryptophan deple-

tion can result in suppression of T cell prolifer-

ation and T cell apoptosis.7–9 The KP exists 

mainly in the liver, where most of the trypto-

phan degradation takes place.10 The first step of 

the KP is the formation of formylkynurenine, 

which is catalysed by either tryptophan 2,3-di-

oxygenase (TDO) or indoleamine 2,3-dioxy-

genase (IDO) (Fig. 1).4 TDO and IDO work as 

rate-limiting enzymes, TDO primarily in the 

liver, but it also exists in the brain, while IDO 

works, amongst others in the lungs, intestine, 

male and female reproductive systems and the 

brain.10 IDO is regulated by cytokines, and it is 

primarily activated by interferon gamma (IFN-

γ). In contrast, TDO, the main enzyme 

responsible for TRP catabolism and homeosta-

sis, is activated by corticosteroids and TRP.6  

 

Figure 1. Schematic overview of the kynurenine 

pathway.  



Figure 2. Schematic overview of the modes of action of the neuroactive metabolites of the KP.

The activation of TDO and IDO leads to the for-

mation of kynurenine (KYN) and its metabo-

lites (Fig. 1), which have several pathophysio-

logical effects in both the brain and peripheral 

tissue.11 Firstly, KYN is a ligand that has an im-

munosuppressive effect on the aryl hydrocarbon 

receptor, and KYN dampens inflammation.12 In 

addition, there are three downstream metabo-

lites of KYN that have shown to be neuroactive: 

kynurenic acid (KYNA), 3-hydroxykynurenine 

(3-HK), and quinolinic acid (QUIN).1,2,13 

Whereas 3-HK and QUIN are neurotoxic, 

KYNA has neuroprotective properties.2 The 

neurotoxic metabolites activate the formation of 

free radicals and heighten the oxidative stress 

level, which causes neuronal death.14,15  The 

neuroprotective metabolite provides protection 

against excitotoxic lesions.16  As mentioned be-

fore, 3-HK is mainly a potent free-radical gen-

erator13,17,18, while QUIN has additional exci-

totoxic properties by acting as  an N-methyl-D-

aspartate (NMDA) receptor agonist19–21 and 

KYNA acts as an antagonist of excitatory amino 

acid receptors and a free-radical scavenger in 

the brain 22–24 (Fig. 2). In addition, KYNA, 3-

HK and  QUIN possess anti- and pro-oxidant ef-

fects.11,25  Dysregulation of the KP leads to im-

balances in neuroactive metabolites.2,26 A shift 

toward an increase of the neurotoxic 

metabolites 3-HK and QUIN, relative to the 

neuroprotective KYNA, may contribute to the 

development of neurodegenerative diseases by 

causing an increase in neurodegeneration.3,5  

Previously the therapeutic potential of inhibit-

ing TDO in neurodegenerative diseases was 

highlighted.2,3 At two points in the KP its me-

tabolites are regulated: (1) the first step and rate-

limiting conversion of TRP into N-

formylkynurenine by TDO or IDO; and (2) the 

synthesis of 3-HK from KYN by kynurenine-3-

monooxygenase (KMO).3,5 The mechanism by 

which TDO or IDO inhibition is protective is 

still unknown. However, it is known that KMO 

inhibition is protective by normalizing an im-

balance between the neurotoxic and neuropro-

tective metabolites.3 TDO might be neuropro-

tective via a similar mechanism, by increasing 

KYNA relative to 3-HK and QUIN, or rather 

due to an increase in TRP levels.3 

TDO inhibition was previously found to reduce 

neurodegeneration in a fruit fly model by in-

creasing TRP3 and increasing the neuroprotec-

tive KYNA relative to the neurotoxic 3-HK.27 

Even though TDO deficient mice were found to 

develop normally, they did display changes in 

neurogenesis.28 These previous findings under-

line the therapeutic potential of inhibiting the 



TDO in the KP for the treatment of neurodegen-

erative diseases such as Parkinson’s disease, 

Huntington’s disease and Alzheimer’s disease. 

Therefore, the purpose of this review is to fur-

ther investigate TDO as a target for treatment of 

neurodegenerative diseases. 

Age-related diseases 

Age was found to have an influence on KP ac-

tivity. These age-related changes in the KP 

could play a role in the onset and progression of 

age-related diseases. 11,29–31 These age-related 

diseases, such as Alzheimer’s disease, Hunting-

ton’s disease, and Parkinson’s disease, have 

some similarities that will be further elaborated 

on here, while the disease specifics will be dis-

cussed later.  First of all, the metabolites of the 

KP act as cross-organ signalling molecules that 

regulate the pathophysiological events of age-

related diseases, amongst others neuroinflam-

mation, NMDA receptor activation and meta-

bolic dysfunction.11 In addition, age-related 

changes in KYN metabolism and changes in 

KYN uptake along large amino acid transport-

ers contribute to these diseases.11 

Van der Goot et al. (2012) studied the enzyme 

TDO and the KP metabolites in relationship to 

age-related protein toxicity in a C. elegans 

model. TDO is suggested to play a role in pro-

tein homeostasis during aging by increasing 

tryptophan levels.27 In the process of aging, the 

expression of TDO naturally increases.32 This 

may be of importance in an age-dependent de-

crease of protein homeostasis. Inhibition of 

TDO could delay this age-dependent process. 

The KP was found to regulate age-related pro-

tein toxicity, which plays a role in neurodegen-

eration.27 In fact, in a C. elegans model, TDO 

was found to upregulate age-related α-synuclein 

toxicity, which is an aggregation-prone protein. 

Although TDO is suggested to regulate α-synu-

clein toxicity through TRP, in vitro TRP itself 

does not seem to have a direct effect on α-synu-

clein aggregation.27 It is theorized that TRP or 

its derivatives activate signalling molecules that 

suppress α-synuclein toxicity.27 In addition, in-

hibition of TDO results in the suppression of the 

toxicity of other proteins that are the sensors of 

a healthy homeostasis.27 Finally, depletion of 

TDO causes an increase in TRP level, and an 

increase in TRP suppresses toxicity, as has been 

demonstrated by feeding worms with additional 

L-TRP. This suggests that TRP is important in 

the regulation of protein toxicity by TDO.27 

On the contrary, Braidy et al (2011) found that 

in rats TRP levels and TDO activity in the brain, 

liver and kidney decreased with age.33 IDO ac-

tivity in the brain increased with age, while IDO 

activity in the liver and kidney decreased with 

age. The age-related changes in TRP metabo-

lism could have an influence on several biolog-

ical processes, including activation of the 

NMDA receptor. Age-related changes like 

these could contribute to neurodegeneration in 

elderly people.33 

In ageing humans, an increase in TRP degrada-

tion rate was found.34,35
 In addition, an increase 

in inflammation and IDO activity was observed 

in elderly people.36 This increase in inflamma-

tion causes an upregulation of KP activity, 

which results in overproduction of QUIN, 

which in turn might increase the chance of get-

ting a neurodegenerative disease in elderly peo-

ple.37 There are no observations on TDO in el-

derly people, however as there are many simi-

larities between IDO and TDO, TDO activity 

might also be increased in elderly people.  How-

ever, further research is needed to confirm this. 

Parkinson’s Disease 

Parkinson’s Disease (PD) is the second most 

common neurodegenerative disease. PD is char-

acterized by motor impairment, which is caused 

by dopaminergic neuron loss, and the formation 

of Lewy bodies, which are misfolded and aggre-

gated α-synuclein in the neurons.38–40 The motor 

symptoms of PD include tremor, rigidity, pos-

tural instability and bradykinesia, which is 

when patients are slow to start voluntary move-

ments and get progressively slower in their 

movements and the extent of repetitive ac-

tions.38,39 Neurodegeneration and chronic 

NMDA receptor activation contribute to the de-

velopment of PD.11 The overactivation of the 

NMDA receptor leads to an increase in gluta-

mate levels and induces excitotoxicity.41  

The KP is involved in the pathogenesis of PD, 

as it regulates neurodegeneration and NMDA 

receptor activation. An increase of the 



neurotoxic metabolites of the KP can cause an 

increase in neurodegeneration. Furthermore, 

age-related changes in KYN metabolism and 

changes in cerebral KYN uptake could contrib-

ute to the development of PD.11 Aging in a 

healthy population was associated with an in-

crease in KYN, KYNA and QUIN in serum and 

cerebrospinal fluid (CSF). In patients with PD, 

reduced KYNA concentrations were found in 

the brain,11,42 while KYN and QUIN concentra-

tions did not differ from age-matched controls.11 

Estimations of KYN brain uptake did not differ 

between patients and healthy controls.11  

The dopaminergic neuron loss associated with 

PD results in progressive locomotor dysfunc-

tion.43 Breda et al. (2016) provided evidence 

that inhibition of TDO, or KMO, enhances lo-

comotor function and alleviates the shortened 

life span caused by the disease in fly models of 

PD. They found that both genetic and pharma-

cological inhibition of TDO provides neuropro-

tection in fruit fly models of PD, genetic inhibi-

tion was done by  downregulating the gene en-

coding for TDO using RNAi and pharmacolog-

ical inhibition was done by using a TDO inhib-

itor.3 Furthermore, neurodegeneration in PD 

can be reduced by manipulating the levels of 

metabolites within the KP, e.g. through inhibi-

tion of 3-HK or promotion of KYNA.43  

These are important findings, however, these re-

sults were found in fly models of PD. More re-

cently, Perez-Pardo et al. (2021) provided the 

first evidence that TDO inhibition in a PD mice 

model decreases motor and nonmotor symp-

toms. In addition, it reduced the loss of dopa-

minergic neurons.44 In addition, after TDO inhi-

bition an increase of KYN and TRP in the 

plasma and brain was found.44 Furthermore, it 

was found that a dual TDO and IDO inhibitor 

penetrates the brain of PD mice, which allevi-

ated neurodegeneration, reduced inflammatory 

cytokines and QUIN, increased KYNA produc-

tion in the blood,  and lowered IDO expression 

in those mice.45 There were no significant 

changes in TDO expression.45 However, analy-

sis has shown that the compound inhibits both 

TDO and IDO.45 The dual inhibitor did block 

TDO/IDO mediated N-formylkynurenine and 

QUIN production in the brain.45 These discov-

eries indicate that inhibition of TDO might be 

beneficial in PD treatment of humans. Even 

though the dual TDO and IDO inhibitor does 

not directly influence the TDO expression, it 

has promising properties in the treatment of PD. 

Huntington’s Disease 

Huntington’s disease (HD) is a neurodegenera-

tive disease that is caused by a CAG trinucleo-

tide repeat in the gene encoding the huntingtin 

(htt) protein.2,46 HD is characterized by move-

ment disorders and a decline in cognition. Pa-

tients can suffer from both motor and psychiat-

ric symptoms. Motor symptoms include chorea 

and loss of coordination, while the psychiatric 

symptoms include depression, psychosis and 

obsessive compulsive disorder.46 

Impairments in the KP metabolism have been 

linked to HD. In particular the neuroactive me-

tabolites of the KP are involved in the patho-

physiology of HD, as they can directly modulate 

neurodegeneration.2,3 Furthermore, modulation 

of the KP was shown to contribute to toxicity of 

the mutation in the htt gene.13 Previously, it was 

observed that inhibition of KMO is protective in 

a HD yeast model of mutant htt toxicity.47,48 

This is supported by the more recent finding that 

both genetic and pharmacological inhibition of 

KMO decreases neurodegeneration in HD 

model flies, by respectively knocking down the 

gene encoding for KMO and using a KMO in-

hibitor.2 They also found that there is a correla-

tion between this neuroprotection and decreases 

in 3-HK relative to KYNA.2 Similarly, genetic 

inhibition of TDO leads to a neuroprotective 

shift towards KYNA synthesis.2 Finally, Cam-

pesan et al. (2011) demonstrated the relation-

ship between KYNA and 3-HK by feeding these 

metabolites to HD flies, which showed to have 

a direct influence on the neurodegeneration.2 

Feeding KYNA to HD flies resulted in a neuro-

protective ratio between KYNA and 3-HK.2  

The levels of KYNA were found to be reduced 

in patients with HD, which likely contributes to 

neurodegeneration.49 Consequently, increased 

levels of KYNA relative to 3-HK seem to be es-

sential to the neuroprotection caused by TDO 

inhibition in HD fruit flies.3 Additionally, TRP 

treatment induces a reduction in neurodegener-

ation by causing a shift in KP toward KYNA 

synthesis.3 The mechanism behind this is not 



entirely clear, however, it is suggested that TRP 

treatment is linked to an increase in the produc-

tion of KYNA.3 Furthermore, TRP can block 

the toxicity provided by 3-HK by competing for 

the same amino acid transporters.14 Therefore, a 

decline in brain QUIN levels along with a de-

crease in 3-HK, relative to KYNA could be es-

pecially promising in the treatment of HD.3,50 

The discovery that TDO inhibition is protective 

in the fruit fly, validates this protein as a novel 

therapeutic target for HD.2 

 
To further investigate the neuroprotection of 

TDO in inhibition in fruit flies, research in an 

HD mouse model has been done. Research was 

focussed on the KP and its metabolites in HD 

animal models and in HD patients. For instance, 

it has been suggested that KMO plays a more 

significant role in HD than TDO or IDO, and 

that therefore it is more relevant to inhibit KMO 

activity to affect the KP metabolism.51 This is 

supported by the observations they made in HD 

mice, which showed an increase in cerebral 

KMO activity.51 In addition, an increase in 3-

HK and QUIN levels has been measured in the 

striatum and cortex of patients with early stage 

HD.52 These increases are associated with up-

regulation of IDO mRNA expression53 and a re-

duction in kynurenine aminotransferases (KAT) 

activity, which is crucial for KYNA synthesis.54 

These observations indicate that the approach of 

targeting the KP and TDO and IDO or KMO 

may have therapeutic relevance in HD. 

Alzheimer’s disease 

Alzheimer’s disease (AD) is the most prevalent 

neurodegenerative disease, and is characterized 

by neuronal cell loss and progressive accumula-

tion of misfolded β-amyloid peptide (Aβ) senile 

plaques in the brain and neurofibrillary tan-

gles.41,55 AD causes a decline in brain function-

ing, which results in deficits in memory, spatial 

orientation, language and behaviour.56 

The KP has links with inflammation, insulin re-

sistance, and neuroactive metabolites. There-

fore, it is of major interest in AD.4 Wu et al. 

(2013) assessed the role of the KP in the pathol-

ogy of AD.1 They assessed the expression and 

localization of key components of the KP, in-

cluding TDO, in different brain areas of an AD 

mice model.1 For instance, the production of 

QUIN is progressively and age-dependently in-

creased in the hippocampus of AD mice.1 It was 

found that TDO colocalizes with QUIN, neuro-

fibrillary tangles and amyloid deposits in the 

hippocampus of AD patients.1 In addition, sig-

nificantly higher TDO and IDO immunoreactiv-

ity was found in the hippocampus compared 

with age-matched controls.1 Although this is no 

evidence for causality, it suggests that the KP 

could play a role in the neurodegeneration in 

AD. This is supported by immunohistochemical 

studies that provide evidence that the KP is up-

regulated in AD patient brain tissue, leading to 

overproduction of the neurotoxic QUIN.57 Be-

sides, the data of Guillemin et al. (2005), im-

plies that QUIN may be a neurotoxic and in-

flammatory factor in the process that leads to 

neurodegeneration in AD.57 AD is characterized 

by an intense inflammatory response around Aβ 

senile plaques.57 Furthermore, it is established 

that QUIN immunoreactivity is present in Aβ 

senile plaques and neurons that are sensitive to 

tangling.57  

There is evidence that TRP is involved in the 

pathogenesis of AD, as TRP is involved in neu-

rotransmission, immune function and KYN 

synthesis and is a serotonin precursor.58 TRP 

concentrations in the blood were found to cor-

relate inversely with the degree of cognitive 

deficit, but not with the length of the disease.57 

Inhibition of TDO is correlated with an increase 

of TRP.3 This suggests that high TDO activity 

might cause a decrease of TRP. 

TDO is over-expressed in both AD mouse 

brains and in the brains of AD patients. This was 

found through mRNA expression analysis in 

mice and immunohistochemistry in the brains 

of AD patients.1 In addition, IDO was also 

found to be highly expressed in the brains of AD 

patients.1 This suggests that activation of the KP 

by TDO and IDO could be involved in neurofi-

brillary tangles formation and could be associ-

ated with senile plaques. This further underlines 

that the KP may play an important role in the 

neurodegenerative processes of AD. In addi-

tion, they showed in both mouse and human 

brains that TDO is mainly expressed in neurons 

and in some astrocytes.1 The study provides fur-

ther evidence that high TDO and IDO over-ex-

pression leads to excessive formation of KP 



metabolites such as QUIN, which are neuro-

toxic and are likely involved in the neurodegen-

erative processes in AD.1 QUIN is not the only 

endogenous NMDA receptor agonist, however 

it is more sensitive to NMDA receptor antago-

nists than the other agonists.59 Therefore, reduc-

ing NMDA-induced excitotoxicity by inhibition 

of IDO or TDO activity might be a potential 

therapeutic target. Due to its additional neuro-

protective properties, such as reducing the neu-

rotoxic QUIN and 3-HK, this might be more ef-

fective than the use of an NMDA receptor an-

tagonist, which is a commonly used treatment 

against AD nowadays.     

It has been hypothesized that blocking IDO may 

slow the progression of AD, this was further re-

searched in a mice model.58 The overactivity of 

IDO may activate several mechanisms that are 

involved in the pathogenesis of AD, leading to 

neuronal loss and deficits in behaviour.3 Inhibi-

tion of TDO or KMO improves locomotor per-

formance and improves shortened life span in 

AD model flies. Both genetic and pharmacolog-

ical inhibition of TDO provides neuroprotection 

in Drosophila melanogaster models of AD.3 

These fruit flies are a useful model for the KP, 

as in these flies TDO is the main enzyme that 

catalyses the first step in the KP, which makes 

it a convenient model to examine this step of the 

KP.3 Genetic inhibition is done by downregulat-

ing the gene encoding for TDO, and pharmaco-

logical inhibition is done by a chemical TDO in-

hibitor.3 After treatment with an IDO inhibitor, 

AD mice showed improvements in cognition as 

well as anxiety- and depression-related behav-

iours, which shows the therapeutic potential of 

targeting the KP and TRP metabolism in AD.58 

Moreover, there is evidence that reducing KP 

activity can relieve some of the AD symptoms 

in mouse models.49,60–62 In an AD mice model 

TDO inhibition can improve behavioural and 

recognition memory.63 As assessed in behav-

ioural experiments, such as novel object recog-

nition and Morris water maze.63 It is suggested 

that hippocampal damage in patients with AD 

can be, up to a certain degree, halted or reversed 

by blocking the KP by IDO.58 These findings 

suggest that the KP, and inhibition of either or 

both TDO and IDO, seems a promising target 

for the treatment of AD. As inhibition of either 

of these enzymes showed improvement in be-

haviour and provided neuroprotection. 

However, inhibition of KMO also has therapeu-

tic relevance in AD. 

 

Discussion 

Research shows that the KP plays a large role in 

the process of neurodegeneration in several age-

related neurodegenerative diseases, such as PD, 

AD and HD. Age was found to have an influ-

ence on KP activity, such as an increase in TRP 

degradation rate and this could potentially lead 

to the development of age-related neurodegen-

erative disease and the progression of these dis-

eases due to overproduction of QUIN. A com-

bination of age- and disease-related upregula-

tion of KP activity could contribute to a de-

crease in neurogenesis and an increase in exci-

totoxicity leading to neurodegeneration.11  

TDO and IDO were found to be over-expressed 

in the brains of AD patients and there was an 

increase in TDO/IDO activity.1 This leads to ex-

cessive formation of the metabolites of the KP, 

such as QUIN, which are likely involved in the 

neurodegenerative processes of AD. For exam-

ple, by, together with TDO, colocalizing with 

neurofibrillary tangles and senile β amyloid de-

posits in the brain. Inhibition of TDO, and/or 

IDO, is often associated with a shift towards the 

neuroprotective KYNA, relative to either one or 

both of the two neurotoxic metabolites, QUIN, 

or 3-HK. The neuroprotective KYNA is re-

duced in patients with neurodegenerative dis-

eases. In addition, KAT activity is reduced in 

HD patients.5 This suggests that in patients with 

HD, the KP goes more through the neurotoxic 

branch of the KP,5 resulting in an increase in 

KMO and an increase in the neurotoxic metab-

olites 3-HK and QUIN. This also suggests that 

inhibition of KMO or promotion of KAT might 

be a relevant target. It is unclear why inhibition 

of TDO or IDO results in this shift toward de 

neurotoxic branch of the KP. Future research is 

needed to further unravel this.  

Inhibition of the KP is promising in the treat-

ment of neurodegenerative diseases due to its 

overactivity playing a role in neuroinflamma-

tion and neuronal excitotoxicity.11. This is sup-

ported by Breda et al. (2016) who suggested that 

alterations in the level of neuroactive KP metab-

olites could underlie several therapeutic 



benefits.3 An overview of the inhibitors men-

tioned in this review can be found in Table 1. 

Inhibition of TDO provides neuroprotection in 

models of PD, HD and AD. In PD it was already 

shown in insects, but more recently it was also 

found that TDO provides neuroprotection in a 

PD mouse model.44,45 Furthermore, a dual TDO 

and IDO inhibitor was found to be neuroprotec-

tive in a PD mouse model.45 Even though this 

study does not show the individual contribu-

tions of TDO and IDO, it does show a new po-

tential treatment for PD.  In AD it was found in 

a fruit fly model, and recently Sorgdrager et al. 

(2020) showed that inhibition of TDO, by TDO 

inhibitor 680C91, restored recognition deficits 

in AD mice.63 However, whether inhibition of 

TDO in AD mice is neuroprotective should be 

further validated. In HD it was found in a fruit 

fly model that genetic inhibition of TDO pro-

vides neuroprotection. These findings, how-

ever, need to be further validated in animal 

models.  

In fact, it was suggested that inhibition of TDO 

might not be the ideal method to target the KP.58 

It may be more beneficial for developing treat-

ments for AD to target the individual metabo-

lites in the KP, as the neuroactive metabolites of 

the KP have opposing roles in neurodegenera-

tive diseases and an imbalance between those 

neuroactive metabolites could contribute to 

neurodegeneration.58 For instance by inhibiting 

the production of neurotoxic metabolites 3-HK 

or QUIN, or by promoting the production of the 

neuroprotective metabolite KYNA. For in-

stance, QUIN was found to be overproduced in 

the brains of AD patients. The enzymes KAT 

and KMO are responsible for the production of 

respectively KYNA, and 3-HK and QUIN. In-

hibition of KMO or promotion of KAT could be 

relevant here. This is supported by a study that 

suggested that in HD KMO was of more im-

portance to the pathophysiology than TDO or 

IDO. 51 Therefore it was also suggested that it 

might have therapeutic relevance to inhibit 

KMO rather than TDO or IDO. 

There is more research needed to unravel the 

underlying mechanisms and to provide more ev-

idence that inhibition of TDO could be benefi-

cial in the treatment of the neurodegenerative 

diseases. However, it was found that TDO inhi-

bition is neuroprotective, and that it seems to re-

store the balance between the neuroprotective 

and neurotoxic metabolites of the KP. There-

fore, inhibition of the KP and its enzymes, es-

pecially TDO, but also IDO and KMO show 

great potential as a target for the treatment of 

neurodegenerative diseases.  

 

 

 

 

  



Table 1 Overview of inhibitors mentioned in this review 

Model Inhibitors Results Ref. 

Parkinson’s disease 

Intrastriatal rotenone in 

mice 

TDO inhibitors:  

NTRC 3531-0, oral 

LM10, oral 

• NTRC-3531-0 increased plasma & 

brain TRP 

• NTRC-3531-0 & LM dose de-

pendently inhibit CNS & gut pheno-

type 

44 

MPTP induced mouse 

model 

Dual IDO/TDO inhibi-

tor: 

Compound 23, oral  

(1H-indazole-4-amine) 

• Decrease in IDO expression and 

QUINA 

• Increase in KYNA 

45 

Human α-Synuclein 

expressing Drosophila 

melanogaster  

TDO inhibitor: 

680C91, oral 
• Provides neuroprotection in PD 3 

Huntington’s Disease 

HD model flies (Dro-

sophila melanogaster) 

KMO inhibitor: 

UPF 648 
• Provides neuroprotection in HD 

• Increase in KYNA relative to 3-HK 

2 

R6/2 mouse model KMO inhibitor: 

JM6, oral 
• Extends life span 

• Prevents synaptic los 

• Decreases microglial activation 

62 

Alzheimer’s Disease 

3xTg-AD mouse 

model 

IDO inhibitor: 

DWG-1036, oral 
• Improvements in AD behavioural 

symptoms and depression-like be-

haviour 

58 

APP23 mouse model  TDO inhibitor: 

680C91, oral 
• Improvements in recognition 

memory 

• No measurable changes in cerebral 

kynurenine metabolites 

63 

Human Aβ42 peptide 

expressing Drosophila 

melanogaster  

TDO inhibitor: 

680C91, oral 
• Provides neuroprotection in AD 3 

APPtg mouse model KMO inhibitor: 

JM6, oral 
• Prevents spatial memory deficits, 

anxiety-related behaviour, and syn-

aptic loss 

62 
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