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A B S T R A C T   

Parkinson's disease (PD) is a complex multi-factorial neurodegenerative disorder where various altered meta
bolic pathways contribute to the progression of the disease. Tryptophan (TRP) is a major precursor in kynurenine 
pathway (KP) and it has been discussed in various in vitro studies that the metabolites quinolinic acid (QUIN) 
causes neurotoxicity and kynurenic acid (KYNA) acts as neuroprotectant respectively. More studies are also 
focused on the effects of other KP metabolites and its enzymes as it has an association with ageing and PD 
pathogenesis. Until now, very few studies have targeted the role of genetic mutations in abnormal KP meta
bolism in adverse conditions of PD. Therefore, the present review gives an updated research studies on KP in 
connection with PD. Moreover, the review emphasizes on the urge for the development of biomarkers and also 
this would be an initiative in generating an alternative therapeutic approach for PD.   

1. Introduction 

Parkinson's disease (PD) is the second most prevalent neurodegen
erative disease characterized by progressive motor decline due to do
paminergic (DA) neurons deficit [1,2]. It is characterized by tremor, 
bradykinesia, rigidity and postural instability [3]. Metabolomics studies 
were performed to identify specific biomarker in PD pathogenesis. 
Tryptophan (TRP) metabolism along the kynurenine pathway (KP) has 
been implicated in many diseases, including neurodegenerative and 
psychiatric disorders [4], inflammation, cancer [5], diabetes and obe
sity [6]. KP metabolites exert various physiological functions by acting 
at extra- or intracellular receptors, both in the brain and the periphery. 
KP metabolites can affect excitatory neurotransmission by modulating 
activity at glutamate or nicotinic acetylcholine receptors [4] and can 
affect immune responses by acting at the transcription factor aryl 

hydrocarbon receptor (AhR) [7]. The end product of the KP is nicoti
namide adenine dinucleotide (NAD+), an essential cofactor linked to 
energy metabolism [8]. 

Levels of KP metabolites in various tissues regulated by large-neu
tral amino acid transporters and enzymes [4], and its activities are in
fluenced by exercise [6,9] inflammation [7], and the composition of the 
gut microbiome [10,11]. KP enzymes have been recognized as pro
mising drug targets to treat neurodegenerative [12] and psychiatric 
disorders [13], as well as early-stage cancer [5]. Importantly, TRP 
availability and KP metabolism are altered by inflammation and ageing 
[11–13], thereby enhancing the risk for age-dependent neurodegen
erative disorders, including PD [14,15]. Recently, chronic intestinal 
inflammation, alterations in the gut microbiome and spreading of α- 
synuclein (αSyn) aggregates from the gut to the brain via the vagal 
nerve has been linked to PD pathogenesis [16]. 
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Previous reviews on the possible involvement of the KP in the pa
thogenesis of PD [17,18] have extensively reviewed relevant experi
mental and clinical literature until 2015, still, evidence for alterations 
in KP metabolites and its possible contribution to neuroinflammation 
and excitotoxicity in PD was predominantly based on experimental 
studies with a focus on a neurotoxic role for the KP metabolite quino
linic acid (QUIN) and a neuroprotective role for the KP metabolite 
kynurenic acid (KYNA) within the brain, without taking alterations in 
KP metabolism in the periphery and the spread of PD pathology from 
the gut into account. In addition, the referred clinical literature sup
porting a role for abnormal KP metabolism in the brain (increased KYN/ 
TRP ratio [19] or increased 3-HK/KYNA ratio [20] in cerebrospinal 
fluid (CSF) or the periphery (increased KYN/TRP ratio in serum [19] 
was still very limited at that time. 

Here we aim to critically review an update on KP in PD research 
concerning to ageing, inflammation and the microbiota-gut-brain axis 
with the pathophysiology, genetics and metabolomics of PD. This re
view is based on recent reviews and original literature on the KP topics 
and systematic searches in PubMed. 

2. TRP degradation via KP in the periphery and the central 
nervous system (CNS) 

KP is a major degradative pathway that occurs in the liver which 
synthesizes NAD+ from TRP. TRP is converted to N′-formylkynurenine 
(NFK) by tryptophan 2,3-dioxygenase (TDO) either in the liver or by 
indoleamine-2,3-dioxygenases (IDO-1) extra hepatically, which are the 
major rate-limiting steps, that ends up into several disorders [21]. In 
this pathway, KYN is synthesized from NFK by the enzyme NFK for
mamidase (FAM). Further, the catalytic activity results into hydro
xylation of KYN to 3-HK by kynurenine -3-monooxygenase (KMO) fol
lowed by 3-HK hydrolysis to 3-hydroxyanthranilic acid (3-HAA) by 
kynureninase, added to 3-HAA, 2-amino-3-carboxymuconoate semi
aldehyde are also produced in this pathway. Kynureninase can also 
hydrolyse KYN to anthranilic acid (AA) while kynurenine amino
transferases (I, II, III) (KATs) desalinate KYN to KYNA [22]. Various 
studies have described the biochemical pathway of TRP metabolism. KP 
metabolites and its effects in brain have been depicted in Fig. 1. 

Several KP enzymes have effects in neurotoxicity, neuroprotective 
or immunomodulatory reactions [14]. In microglia and astrocytes of 
the brain, most of the KP metabolites synthesize 3-HK [23]. In healthy 
cells, 3-HK leads to neuronal apoptosis and neurodegeneration by 
generating free radicals [24]. While in affected cells kynureninase 
converts 3-HK into QUIN that have the potential role in neurotoxicity 
and neuronal dysfunction [25]. However, it is seen that KYNA meta
bolite has the effect of blocking QUIN and other excitotoxins [23,24]. 
The ratio of KYN metabolites alters glutamatergic signalling and pro
tects against excitotoxicity mediated by N-methyl-D-aspartate (NMDA) 
receptors. These findings suggest that KP has a major role in physio
logical conditions. 

3. Impact of KP in ageing 

Researches have observed that an increased TRP degradation rate 
was found in ageing people, which revealed that the degradation of TRP 
accompanies ageing through KP [26,27]. TRP and the levels of its 
metabolites and enzymes studied in the brain, liver, and kidney of 
young, middle and old aged female Wistar rats, where it was found that 
TRP and TDO activity decreased with age in all tissues [17]. In C. ele
gans model, the TDO activity was reduced that in turn suppressed the 
toxicity of αSyn and other aggregation-prone proteins which suggested 
reducing proteotoxicity in ageing and its related disorders [28]. In 
contradictory, another study showed that the IDO activity was in
creased in the brain and decreased in liver and kidney with age [17]. 
Thus, based on the earlier results it is evident that low – grade sustained 
inflammation and up-regulation of IDO has a role in ageing and its 
associated diseases [22]. This increased inflammation observed in 
ageing is acting as a driving force in KP activity and results in over – 
production of QUIN, which might increase the chances of neurode
generative diseases [29]. Earlier it was noted that picolini acid (PA) was 
elevated in human CSF samples [30] and liver [31]. Another prominent 
study revealed that the levels of KYNA in CSF were significantly in
creased with progressing age of healthy as well as patients susceptible 
to neurodegenerative diseases [32]. In a study, enhanced level of KYNA 
was assessed in the brain of 3 months and 4 months old rats, which 
correspondingly showed the precursor, KYN with increased levels in 

Fig. 1. Overview of KP in brain and its effects.  
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cortex and hippocampus regions of these rats whereas KAT increased 
three-fold in cortex and striatum [33]. In contrast, the level of KYNA 
was reduced in the CSF of PD and Alzheimer's disease (AD) patients 
[34]. 

NAD+ is a major component among the metabolic coenzymes or 
substrates that found inside every cellular activity and energy produc
tion. The importance of the final product NAD+ is essential for the 
production of adenosine triphosphate (ATP). The major NAD+ bio
synthetic pathway includes de novo synthesis pathway, Preiss-Handler 
pathway and salvage pathway. The de novo is the multi-enzymatic KP 
eventually producing nicotinic acid mononucleotide from the last en
zyme step. Recent study has stated that the role of NAD+ on ageing can 
prevent from age related diseases [35]. Fang et al. [36] also disclosed 
the novel role of NAD+ in autophagy and mitophagy. Altered KP ac
tivity impacts NAD+ production thereby results in age associated dis
eases [37]. KP metabolites and enzyme derivatives have an impact on 
nicotinamide adenine dinucleotide phosphate (NADPH) synthesis and 
NMDA receptor-mediated transmission that may contribute to the de
generative changes of the aged persons [17]. A study has reported that 
the decreased TRP metabolism leads to a declined level of nicotinic acid 
biosynthesis were the NAD coenzymes functions in biogenetic and 
biosynthetic pathways [38]. In an earlier study, the levels of various KP 
metabolites such as an increase in KYN level or decrease in TRP con
centration and AA concentration there is an evident increase in levels of 
NAD+ levels in cells [17]. Thus, increased concentrations of KP meta
bolites and inhibition of KP enzymes can cause KP toxicity and that it is 
possible to replenish the depleted NAD+ levels with TRP, KYN, nico
tinic acid or salvage pathway precursor nicotinamide supplementation 
[39]. Hence, it is evident from the above studies that, not only KP 
metabolites but also its enzymes have a pivotal role in the process of 
ageing. Grant and Kapoor [40] claimed that the activity of IDO with 
interferon-γ (IFN-γ) could increase the concentration of NAD required 
for maintaining cellular energy metabolism during inflammation sug
gesting the use of inhibitors in KP metabolism. Similarly, in macro
phages, activation of IFN-γ leads to an increase in the immune-medi
ated IDO activity, thus promoting an elevation in the production of 
NAD+ molecules [41]. Conflictingly, another study revealed that the 
inhibition of IDO and quinolinate phosphoribosyl transferase by 1- 
methyl-L-tryptophan and phthalic acid gives a dose-dependent decrease 
in intracellular NAD+ levels and sirtuin deacetylase-1 activity resulting 
in reduced cell viability [17]. Bellac et al. [42] has studied that the KP 
inhibitors Ro-61-8048 and o-methoxybenzoylalanine can effectively 
decrease the NAD+ levels in cells, which gives rise to induced in
flammation and increased hippocampal apoptosis; thus it recommends 
that these inhibitors also act in neuroinflammation and neuroinfectious 
diseases. Thus, more studies and clinical trials have to be conducted 
mainly focusing on the development of inhibitors and analogues related 
to KP metabolites and enzymes. 

4. KP and PD 

In animal models of PD increased levels of KYNA in brain can 
protect nigrostriatal dopamine neurons against QUIN-induced ex
citotoxin damage [43]. Miranda et al. [43] used QUIN infusions in the 
rat brain that lowered the levels of KYN and KYNA. Low levels of KYNA 
are also capable of decreasing the limit of excitotoxicity. A decrease in 
KYNA level in rat brain noticed when administered with L-dopamine (L- 
DOPA) and D-amphetamine. [44,45]. In PD rats, brain and plasma, 
were examined for the level of TRP and its metabolites which showed 
an increased level of TRP, KYN, 3-HK and QUIN [46]. The bilateral 
injection of KYNA in 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine 
(MPTP) treated PD monkeys and rats lessen the motor symptoms in a 
dose-dependent manner [47,48]. The level of KYNA and the biosyn
thetic enzymes KAT-I and KAT-II analyzed in plasma and red blood cells 
(RBCs) of PD patients. Increase in KYNA along with KAT-II in RBCs of 
PD patients, may be a sequential pathway against excitatory neurotoxic 

effects [49]. It has also been shown that reduced KAT-I activity [50] 
and KYNA activity [51] is responsible for MPTP and 6-hydro
xydopamine (6-OHDA) toxicity. Similarly, KAT-I and KAT-II activities 
were lower in plasma of PD patients with a decrease in KYNA whereas 
an elevated level of KYNA was associated with an increase in KATs in 
RBC of PD patients [52]. Besides, KAT-II inhibition increases two to 
three fold of striatal dopamine level which can be protected by co-ad
ministration of KYNA [53]. In 2017, a study in PD patients showed 
lower TRP concentrations with higher KYN: TRP ratio, KYN, AA and 
KYNA than in controls [54]. Further studies with reduced levels of 
KYNA were observed in the cortical regions, caudate, putamen, sub
stantia nigra pars compacta (SNpc), and cerebellum of PD patients 
[49,55]. The molar ratio of TRP to KYN and KYN to KYNA remain 
unchanged in PD patients treated with and without L-DOPA. The study 
also showed a decrease in KYN and KYNA with an increase in 3-HK 
[56]. A detailed review of the involvement of KP in PD pathogenesis 
was described by Lim et al. [21] in 2015. Treatment by L-DOPA in PD 
can alter the levels of kynurenine metabolites and it also affects the 
glutamatergic transmission that leads to L-DOPA-induced dyskinesia 
(LID). Havelund et al. [57] conducted a study to look into the possible 
role of KYN metabolites in LID, where the assessment of KP metabolites 
in plasma and CSF of PD patients with LID showed a four-fold increase 
in the 3-HK/KYNA ratio and a decrease in the levels of AA. In neuro
degenerative disorders, 3-HAA causes oxidative stress thereby results in 
the production of reactive oxygen species [58]. In healthy non-smoking 
subjects, stochastic resonance therapy was found to affect TRP meta
bolism by reducing the levels of TRP, KYN and KYNA that might induce 
neuropsychiatric disorders such as AD, PD, depression and schizo
phrenia [59]. Exposure of BDE-47, a flame retardant in Drosophila PD 
model, slowed down the formation of KYNA with an increase in 3-HK 
[60]. Potential antioxidant activity of KYNA and xanthurenic acid (XA) 
reduces neurodegenerative diseases by maintaining redox homeo dy
namics [61]. 

5. Microbiota-gut-brain association with KP in PD 

Historically, neurological diseases have studied within the CNS, but 
researches proved the association between the gut and the brain. In PD, 
pathological αSyn accumulation is initiated in the gut and disseminates 
to the brain through the vagus nerve [62]. The αSyn inclusions called 
Lewy bodies has been observed in highest frequency in submandibular 
gland and lower esophagus followed by small intestine, stomach, colon 
and rectum [63]. The presence of αSyn is normally observed in people 
with increasing age [64]. Constipation is a non-motor PD symptom that 
is linked with αSyn accumulation and neurodegeneration with elevated 
signs of inflammation, oxidative stress and intestinal permeability 
[65,66]. These pathological changes are found prior to motor symptoms 
in PD, which confirms that PD pathogenesis is initiated in the gut. 
Noteworthy, experimental proof for the association between gut mi
crobiome in causing PD is missing. 

Studies have reported the intense effect of gut microbiota on KP 
metabolites. KYN in the gut can cross the blood brain barrier and 
contribute to the production of KP metabolites in the brain [67]. QUIN 
and KYNA are the most important KP metabolites in neuro gastro
enterology studies were the function is not yet understood, but still, 
these metabolites act as immunoregulators [68]. The metabolite KYNA 
concentration in the gastrointestinal tract exerts gastric mucosal de
fence mechanism and immunoregulatory effects through a G protein- 
coupled receptor, GPR35 [69]. Moreover, various intestinal bacteria 
encode KP enzymes that produce KYN and 3-HAA [70], which results in 
neurotoxic effects during pathological conditions [71]. Many studies 
have reported the altered plasma levels of KP metabolites due to mi
crobial colonization under pathological conditions [72–75]. Evidence 
derived from microbiome studies has shown that the gut microbiota is 
one of the factors in KYN pathway to prevent or alleviate intestinal 
inflammation. A recent study has suggested that excess level of QUIN 
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due to mutated KP lead to the formation of metabolite assemblies that 
causes αSyn aggregation, which fallouts with neuronal toxicity and PD 
[76]. The link between gut microbiome associated with KP in neuro
degenerative disorders have been reviewed in previous studies [77,78]. 
At present, the role of gut linked with brain has attracted prominent 
attention since the complexity between the gut microbiota and KP 
would be beneficial in exploring therapeutic strategies in treating 
neurodegenerative disorders. 

6. Genetic link between KP and PD 

Sequencing of genomes associated with KP enzymes encoding re
gions such as IDO1/2, ACMSD, TDO2, KYNU, 3-HAO, KATII, KMO has 
been identified in certain neurological diseases [79]. Until now, only 
two kynurenine enzymes, KMO and amino-carboxymuconate semi
aldehyde decarboxylase (ACMSD) genes have been found to be with PD 
(Table 1). KMO mutations have also been studied in bipolar disorder 
and schizophrenia [15,80–82]. The interesting factor for the significant 
association between ACMSD in PD is that QUIN with excitotoxic 
property contributes to the progression and modification in the in
flammatory response in PD [83]. The expression of allele-specific dif
ferences in ACMSD has to be examined to understand an exact link 
between ACMSD and PD [83]. From genome-wide association studies, 
SNPs on ACMSD identified its ability as a risk in PD [84–91]. In a 
Spanish family, it was found that the family had a history of parkin
sonism, epilepsy and myoclonic tremor and also showed mutation in 
p.Trp26 which is a top codon in ACMSD [92]. In a sporadic PD case, a 
novel p.Glu298Lys mutation associated with ACMSD enzyme has been 
examined with no first-degree family history; hence it suggests that one 
disrupted allele is adequate to cause idiopathic PD [93]. Thus, the 
above studies will direct for in vivo and in vitro studies to detect the 
genetic alterations of KP enzymes in PD. 

7. KP biomarkers in PD 

Several biological fluids are considered as the possible candidate for 
the detection of biomarkers that include blood, CSF and urine (Table 2) 
[94]. Burgos et al. [95] found that collection of CSF and serum, along 
with a complete evaluation of phenotypic conditions from PD patients, 
concluded that these biofluids reflected the exact cellular changes in 
diseased neuronal tissue. It was stated that the compounds associated 
with KP could cross the blood-brain barrier easily and enter into CSF 
[4]. It is suspected that there is a direct or indirect connection between 
PD and KP metabolites along with variations in blood. In ageing, up- 
regulated levels of IDO in the blood can be observed in PD [22]. 
Moreover, the ratio of KYN/KYNA in αSyn expressing fruit flies and 
urine of PD patients were found to be increased [96]. In urine, 18 
differentially expressed metabolites were detected in PD patients in 
which the level of KYN seems to be elevated [97]. Another study also 
showed a higher level of KYN and 3-HK in CSF that may induce oxi
dative stress in PD patients [98]. In the serum of 18 PD patients and 20 
AD patients, the level of KYN: TRP ratio, KYN, AA and KYNA were 
elevated [54]. Recently, the ratio of QUIN/KYNA and the level of QUIN 
were found to be higher in the plasma of PD patients [99,100]. Another 
recent KYN pathway study in PD has found that the level of KYNA was 
reduced in CSF with an increased level of KYN, KYNA and QUIN in 
serum [34]. Therefore, biomarker studies are essential to identify the 
early signs of PD and further profiling are useful to develop pharma
cological interventions. 

8. Targeting KP and its associated enzymes in PD 

Modification of endogenous concentrations of KYN, QUIN and 
KYNA has evolved as a possible therapeutic approach in animal models 
of PD. The KP pathway can be targeted in two ways, namely: 1) enzyme 
inhibitors and 2) KYNA analogues [101]. Ta
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9. Enzyme inhibitors for KP 

Enzyme inhibitors facilitate neuroprotective effects and inhibit 
QUIN induced neurotoxicity and other neurotoxic substances. 
Nicotinylalanine, an inhibitor of KMO and kynureninase, prevent the 
accumulation of QUIN and 3-HK in models of neurological disorders 
[102,103] which in turn increases the concentration of KYNA [101]. 
When administered along with L-kynurenine and probenecid, which is 
an inhibitor of organic acid transport, it further increases KYNA and 
prevents seizures along with excitotoxic damage. Earlier it was also 
found that meta-nitro benzoyl alanine inhibits kynurenine-3-hydro
xylase whereas ortho-methoxy benzoyl alanine inhibits kynureninase 
[104]. Zonisamide (ZNS) is an antiepileptic drug administered in cul
tured astrocytes showed an increased level of KYNA, KYN, XA, cinna
barinic acid but not QUIN. This shows the effectiveness of ZNS as an 
additional treatment for PD during L-DOPA therapy [105]. 

10. KYNA analogues 

The effort of developing antagonists that bind at glutamate sites 
have provided great therapeutic strategies in PD. Neuroprotection by 
KP can be achieved through the activity of KYNA with analogues such 
as glutamate mimics since a raise in glutamate receptor activation leads 
to stroke or neurodegeneration [106]. Interestingly, KYNA analogues 
such as chloro-KYNA can easily cross the blood-brain barrier when 
compared to KYNA. The effectiveness of these analogues is increased 
further by substituting acetic acid or amido- and thio- compounds. 
Moreover, NMDA receptors antagonists are processed from synthetic 
KYNA derivatives for anticonvulsive effects and neuroprotection [101]. 
These derivatives crossed the blood-brain barrier [106] and showed 
protection against cerebral ischemia in vitro [107]. Furthermore, the 
prodrug form of 4-chloro-KYN entered the brain through the blood- 
brain barrier and inhibited QUIN neurotoxicity in rat hippocampus, and 
striatum [108–110] and intraperitoneal administration of pro-drugs 
delivered potential effects in epilepsy and neurodegenerative disorders 
[111]. Hence, the use of enzyme inhibitors and KYNA analogues reduce 
the excitatory amino acid receptors activation, thereby ensuring in
creased production of KYNA in CNS, which might stop or alter the 
progress of neurodegenerative diseases. 

11. KP therapeutic interventions in PD 

The most commonly used drug for PD is L-DOPA and DA agonists 
which are only capable of relieving the symptoms and does not assist in 
slowing down the neurodegenerative process. The prolonged usage of 
this therapeutics leads to serious side effects such as LID and motor 
fluctuations [112] hence, it is necessary to develop medications that 
reduce these side effects. Thus, as a better alternative, targeting KP 
metabolites as a therapeutic approach would reduce the side effects of 
long term L-DOPA usage (Table 3). 

KP metabolites are associated with neurotransmission of DA, glu
tamatergic and cholinergic regulation, thus targeting KP might relieve 
motor and non-motor symptoms in PD [113] It has been observed that 
pre-treatment of KYNA in a human DA neuroblastoma cell line reduced 
MPP+ induced neuronal cell death [50] and in combination with 
NMDA or QUIN in SNpc, it conserved striatal tyrosine hydroxylase 
activity [42]. Additionally, KYN along with probenecid revealed pro
tective effects [51], and when the nicotinylalanine supplement was also 
added, it presented elevated KYNA concentration, reduced effects of 
QUIN excitotoxicity and beneficial effects against NMDA in SNpc [42]. 
Additionally, synthetic kynurenines unveiled positive effects in MPTP 
model [114] and 4-Cl-hydroxyanthranilate, a metabolized form of 4- 
chloro-KYN showed neuroprotective action in rat hippocampus and 
striatum [109,115]. Currently, FK506 is used as an immunosuppressant 
in PD and inhibits MPP+ and 3-nitropropionic acid-induced KYNA 
synthesis improving the formation of KYNA in the cortex [116]. 

Similarly, another inhibitor UPF648 is responsible for the enhanced 
synthesis of KYNA in excitotoxically lesioned neuro-depleted striata 
[117]. Further, the inhibitor Ro-61-8048 increased the levels of L-KYN 
and KYNA and decreased LIDs without affecting the anti-parkinsonian 
effect of L-DOPA [118–121]. Inhibition of TDO and KMO in fruit fly 
models of AD, PD and Huntington's disease reversed disease phenotype, 
emphasizing the therapeutic promise in neurodegenerative disorders 
[12]. 

Various researches in KP has led to the speculation that metabolites 
in the downstream pathway lead to the development of disorders like 
PD, hence these metabolites serve as a potential therapeutic target. 
Besides, the major component of KP is TRP, targeting TRP enzyme can 
reduce the toxicity in neurons and provide neuroprotection in PD. The 
possibility of targeting KP to reduce QUIN and further increase the level 
of KYNA in the brain offers a new approach to decrease excitotoxicity 
and enhance neuroprotection. 

12. Future directions 

The catabolism of the essential amino acid TRP and biogenesis of 
NAD+ are linked through KP. KP was originally implicated in psy
chiatric disorders, cancers, and neuroinflammatory disorders, but in 
recent years KP has garnered much attention due to its promising 
therapeutic aspects in neurodegenerative diseases. NAD+ levels de
creases with age but during neuroinflammatory and neuroinfectious 
conditions, NAD+ concentration has shown to increase. In these con
ditions, the use of NAD+ inhibitors would control the level, which led 
to the hope of achieving promising outcomes in PD. KP and its inter
mediates are believed to play a pivotal role in the synthesis of NAD+ 

and cellular bioenergetics in PD prognosis. On the other hand, it is 
essential to validate the importance of the metabolites KYNA and QUIN 
in the regulation of KP. Inhibitors and analogues to these metabolites 
could be the key to slow down the advancement of PD. Depending on 
their influence in the pathway, these metabolites could also serve as 
prognostic markers which will reveal the impending development of 
PD. The possible interventions by these metabolites in PD, their in
hibitors and the impact on NAD+ have not been widely studied. At the 
clinical level, the field of stem cell research in KP associated diseases 
are already actively emerging. With the help of stem cell research and 
animal models, it is possible to understand the influence of the meta
bolites and their inhibitors in the pathway. To overcome the crucial 
hindrances, the impact of stem cell therapy might help in under
standing the function of KP metabolites for future therapeutic inter
ventions. 

13. Conclusion 

The principle mechanism behind the pathological conditions of PD 
is yet to be fully understood. It is evident that KP metabolites can be 
used as novel prognostic markers and modulators for targeting therapy 
in PD. In order to provide better clinical intervention and treatment at 
the onset of PD, it is imperative to find accurate biomarkers for early 
diagnosis, including prodromal diagnosis and preclinical diagnosis. At 
the same time, KP biomarkers can also be utilized to monitor the pro
gress of the disease. Accurate and early diagnoses are significant for 
successful treatment in PD patients, and sensitive and selective bio
chemical biomarkers will play an essential role in the detection of 
prodromal PD. Hence, we would propose that targeting KP and its as
sociated enzymes using inhibitors or novel compounds would be an 
effective therapeutic means by which other agents can interact and 
possibly emerge as a promising treatment in PD. 
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Fig. 1 description: Conversion of tryptophan (TRP) to kynurenine 
(KYN) requires rate limiting enzymes. Peripheral KP influences in brain 
thereby the kynurenine metabolites in the blood affects KP metabolism 
in brain since it crosses the blood-brain barrier. In the brain, KYN is 
converted to kynurenic acid (KYNA) by the enzyme kynurenine ami
notransferase (KAT) in astrocytes which exhibits neuroprotective role. 
In microglia, KYN is converted to 3-hydroxykynurenine (3−HK) by 
kynurenine monooxygenase (KMO) which is further metabolized non- 
enzymatically to quinolinic acid (QUIN) which unveils neurotoxic ef
fects. 
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