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Serotonin/melatonin pathway

VIA METABOLICA DELLE CHINURENINE
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VIA METABOLICA DELLE CHINURENINE
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VIA METABOLICA DELLE CHINURENINE
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ARTICLE INFO

ABSTRACT

Keywords:

Cannabis sativa

Tryptophan

Kynurenine

Kynurenic acid

Liquid chromatography
High-resolution mass spectrometry

L-Kynurenine (KYN) and kynurenic acid (KYNA) are products of the metabolism of L-tryptophan (TRP) in the
central nervous system of animals, but they are not commonly found in plants. In particular, KYNA iz known for
itz interesting pharmacological properties (anti-oxidative, anti-inflammatory, hypolipidemic, and neuro-
protective), which suggest a potential funetional food ingredient role. The three compounds were identified in
samples of Cannabis sativa L. by means of high-performance liquid chromatography coupled to high-resolution
mass spectrometry using an untargeted metabolomics approach. Their concentrations were evaluated using a
targeted metabolomics method in three organs of the plant (roots, stem, and leaves) in soil at two different
growth stages and in hydroponics conditions. The distribution of TRP, KYN and KYNA was found rendentially
higher in leaves compared to stem and roots and changed over time. Moreover, the levels of KYNA found in this
study are unprecedentedly high compared to these found so far in other plant species, suggesting that Cannabis

sativa L. could be a promising alternative source of this metabolite.
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VIA METABOLICA DELLE CHINURENINE & CANCER
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Indoleamine 2, 3-Dioxygenase 1
Mediates Survival Signals in Chronic
Lymphocytic Leukemia via
Kynurenine/Aryl Hydrocarbon
Receptor-Mediated MCL1 Modulation
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VIA METABOLICA DELLE CHINURENINE & CNS diseases
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Abstract

The kynurenine pathway (KP) plays a critical role in generating cellular energy in the form of nicotinamide adenine
dinucleotide (NAD+). Because energy requirements are substantially increased during an immune response, the KP is a key
regulator of the immune system. Perhaps more importantly in the context of psychiatry, many kynurenines are neuroactive,
modulating neuroplasticity and/or exerting neurotoxic effects in part through their effects on NMDA receptor signaling and
glutamatergic neurotransmission. As such, it is not surprising that the kynurenines have been implicated in psychiatric illness
in the context of inflammation. However, because of their neuromodulatory properties, the kynurenines are not just
additional members of a list of inflammatory mediators linked with psychiatric illness, but in preclinical studies have been
shown to be necessary components of the behavioral analogs of depression and schizophrenia-like cognitive deficits.
Further, as the title suggests, the KP is regulated by, and in turn regulates multiple other physiological systems that are
commonly disrupted in psychiatric disorders, including endocrine, metabolic, and hormonal systems. This review provides a
broad overview of the mechanistic pathways through which the kynurenines interact with these systems, thus impacting e . .
emotion, cognition, pain, metabolic function, and aging, and in so doing potentially increasing the risk of developing Autism spectrum Anxiety disoder
psychiatric disorders. Novel therapeutic approaches targeting the KP are discussed. Moreover, electroconvulsive therapy, disorder Amyotrophic

ketamine, physical exercise, and certain non-steroidal anti-inflammatories have been shown to alter kynurenine metabolism, lateral sclerosis

raising the possibility that kynurenine metabolites may have utility as treatment response or therapeutic monitoring

biomarkers. Li D. et Gl., 2022
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VIA METABOLICA DELLE CHINURENINE & MDD
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VIA METABOLICA DELLE CHINURENINE & MDD
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La terapia con IFN-a induce sintomi depressivi

Meccanismi dell’associazione?
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Patofisilogia della depressione indotta da stimoli
infiammatori (IFN-a)
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IFN-a aumenta ’attivita metabolica nei gangli della
base e diminuisce quella della corteccia prefrontale
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IFN-a aumenta il glutammato nella corteccia dei
cingoli anteriore dorsale e nei gangli della base
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Aumentati livelli di chinurenie (KYN) e acido chinolinico (QUIN)
nel fluido cerebro spinale di soggetti HCV positivi trattati con
IFN-a per 12 settimane
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Modello sperimentale: SH-SY5Y
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IFN-a induce effetti citotossici nel nostro
modello di neuroni umani
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IFN-a induce stress ossidativo e apoptosi
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N-Acetlil-Cisteine protegge le SH-SY5Y dagli effetti
dell’IFN-a
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Abstract

N-acetyl-L-cysteine (NAC) is a compound of increasing interest in the treatment of psychiatric disorders. Primarily through
its antioxidant, anti-inflammatory, and glutamate modulation activity, NAC has been investigated in the treatment of neurode-
velopmental disorders, schizophrenia spectrum disorders, bipolar-related disorders, depressive disorders, anxiety disorders,
obsessive compulsive-related disorders, substance-use disorders, neurocognitive disorders, and chronic pain. Whilst there is
ample preclinical evidence and theoretical justification for the use of NAC in the treatment of multiple psychiatric disorders,
clinical trials in most disorders have yielded mixed results. However, most studies have been underpowered and perhaps
too brief, with some evidence of benefit only after months of treatment with NAC. Currently NAC has the most evidence
of having a beneficial effect as an adjuvant agent in the negative symptoms of schizophrenia, severe autism, depression, and
obsessive compulsive and related disorders. Future research with well-powered studies that are of sufficient length will be
critical to better understand the utility of NAC in the treatment of psychiatric disorders.

Through its antioxidant, anti-inflammatory, and gluta-
mate modulation activity N-acetyl-L-cysteine may have a
role in the treatment of multiple psychiatric disorders.

Whilst there have been some promising results, espe-
cially in schizophrenia, autism, depression, and obses-
sive compulsive and related disorders, findings have
been mixed, and better powered and longer studies are
' Turning Point, Eastern Health, Richmond, VIC, Australia needed.
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N-acetyl-L-cysteine (NAC), the acetylated precursor of
L-cysteine, is used in medicine as a mucolytic agent to treat
drug toxicity or overdose, given orally, intravenously, or by
inhalation [1]. Though these uses are well established, there
has been much recent interest in the use of NAC in treating
neuropsychiatric conditions, including schizophrenia, mood
and anxiety disorders, and substance-use disorders (SUDs).
In the following, we review the growing body of research
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Abstract

Background: Pediatric bipolar disorder is a highly prevalent and marbid disorder and is considered a prevalent
public health concern. Currently approved treatments often pose the risk of serious side effects. Therefore, this study
assessed the efficacy and wlerability of N-acetylcysteine (MAC), in children and adolescents with bipalar spectrum
discrder,

Methods: We conducted a 12-week open-label trial of MAC for treatrment of mania and hypomania in children and
adolescents ages 5-17 with bipolar spectrum disorder including participants with full and subthreshold manic symp-
toms, accepting thase with and without mixed states with co-ocourring depression, and Young Mania Rating Scale
scores = 20 and < 40, Symptoms of mania and depression were assessed using the Young Mania Rating Scale (YMRAS),
Hamilton Depression Rating Scale (HORS), Children's Depression Rating Scale (CORS), and Clinical Global Impression
(CGl) Severity (CGI-5) and Improverment (CGl-N) scales for mania and depression.

Results: This study had a high drop-out rate with only 53% completing all 12 weeks. There was a significant reduc-
tian in YMRS, HDRS, and CORS mean scones from baseline to endpaint. Of the 24 exposed participants, 54% had

an anti-manic response measured by a reduction in YMBS = 30% and 46% had a CGl- mania score = 2 at endpaint.
Additionally, 62% of participants had an anti-depressive respanse measured by a reduction in HORS = 30%, 31% had
an anti-depressive response measured by a reduction in CORS = 30%, ard 38% had a CGl| depression score = 2 at
endpaint.

Conclusions: These pilot open-label findings in a small sample provide preliminary data supperting the tolerability
and safety of NAC in a pediatric population. The findirgs of this pilot scale study indicating improvernent in mania
and depression are promising, but require replication with a monotherapy randomized placebo contralled clinical
trial and larger sample.

Trial Registration: ClinicalTrials.gov Identifier: NCTO2357290, First Registration 06/02/2015.

Keywords: Bipolar spectrum disorder, Child, N-acetylcysteine

Background

Due to its high prevalence of 1-3% in national and inter-
national samples and morbidity, pediatric bipolar (BPF)
disorder represents a serious public health concern [1-4].
Pediatric B disorder is commonly characterized by high
levels of severe irritability and concurrent features of
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Il trattamento con IFN-a aumenta i livelli di
metaboliti della KP nel terreno di coltura di cellule SH-SY5Y

— —_— _—
*
1001 —— 1007 —
— * A o i =
O g0 2 a0 o °
c g T e © M -
S oo o oo 3] 9
= ?3 i) ag 100 © a0
= o = = o
T ] o 4 =0 4
o 20 B 20 z g o
[i] ] 0 0
NDMA antagonist
HaaO Kynu ,l, KMO kAT
250 *
*
a0 W ) 120 4 & 2007
° © w04 —_ =
b JE 'g ] —— -E 150
g 7 8 150 4 S a0 o
= w“ © s o
=] b ] o
;‘3 100 4 1 R w g 30‘3 &0 £ 1001
z % = 4 %
= | 20 T o
(0] % m §
o
a 0 a 0
NDMA agonist Generate free radicals Generate free radicals Apoptotic signal
Apoptotic signal Apoptotic signal
M_\\\a“““ "“"'u,‘& O Ctrl Mean metabolite conc.#5D; 5-HT=140+38 nM; TRP=27+3 pM; KYN=5t3 pM; KYNA=68+17 nM; 3-HK=41 nM; Centro Interdipartiment.
= UNIMORE BFN-a XANA=12+11 nM; 3-HANA=264+127 pM; QUIN=154,64+81 nM Grandi Strument
% £ UNIVERSITA DEGLI STUDI DI CINQU
7/““ .4\"; MODENA E REGGIO EMILIA




Cellule SH-SY5Y sono sensibili agli effetti tossici
della 3-HK
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Disease

Alzheimer's
disease

Parkinson's
disease

Huntington's
disease

Depression

Multiple
sclerosis

Schizophrenia

Anxiety
disorder
Amyotrophic
lateral
sclerosis
Adutism
spectrum
disorder

Epilepsy

Bipolar
disorder

Sample

Plasma

Flasma,
cerebrospinal fluid

Serum

Hippocampu

Prefrontal cortex,
Hippocampus,
Spinal cord,
Spleen

Plasma

Plasma

Cerebrospinal
fluid, cortical

Serum

Plasma

Serum

Li D. etal., 2022

Alteration of metabolites

TRP, EYMNA decreased and QUIN increased

3-HK in plasma increased, 3-HAA and 5-HT/KYN decreased,
KYNA and KYNASKYN in cerebrospinal fluid decreased, and
QUIN/KYMNA increased

KYM increases, KYNA/RYN decreases

Lower ratios of KYNA/KYN, KYNA/3-HEK, and KYNA/QUIN

TRP, KYN, and KYN/TRP in the prefrontal cortex, hippocampus,
spinal cord, and spleen increased; 3-HK and QUIN in the
Prefrontal cortex and hippocampus increased, while KYNA
decreased

TRP decreases, KYN and KYN/TRP increase

KYM, KYN/TRP elevated

QUIN, IDO, TRP, KYN increased

TRP and 5-HT increased and KYNA decreased

TRP, KYN higher, KYNA, 3-HK, KYNA/KYN lower
TRP, KYNA, PIC, QUIN/TRP, and PIC/QUIN elevated

Sample

The prefrontal
cortex, hippocampal
Plasma

Putamen

Serum, prefrontal
cortex,
hippocampus, and
cerebral cortex

Plasma

Cerebral cortex
Center seam core

Motor cortex, spinal
cord

Serum

Alteration of
enzymes

1D increased

KAT T and KATII
decreased

KAT I and KAT 1T
decrese, [DO
activation

TPH2, KATIVKMO
mBENA decreased,
KMO, TDO-1
upregulated

KAT I and KAT IT
decreased

KMO, 3-HAO
reduced

TPH2 decreased

TPH decreased, IDO
increased

EMO expression

1D Expression

D1 expression is
upregulated
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HPLC/MS method
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Study design: a cross-sectional study in
outpatients undergoing colonoscopy

INCLUSION CRITERIA
Age = 40; male and female,
Outpatients (M/F) informed consent,
126 who underwent a colonscopy
for non-specific abdominal

A

January 1512014 — June 15t2021 Age < 40; diagnosis of non-
> colorectal neoplasia, advanced
diseases, patients with chronic

1 inflammatory bowel diseases

Outpatients (M/F)

100 patients (complete metabolic
and psychometric assessments)
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 Serum  Samples of normal colorectal mucosa

Autophagy (LC3B-Il) =
. . . Inflammation (MPQO) =
DAPI =

C-HDL, C-LDL, C-VDLD, C-TOT, TRG
hs-PCR

LPS

Cytokines (IL-1B,TNFa., IFNy, IL-6)
Kynurenine pathway metabolites
Glycemia

 Anthropometric & clinical variables _ Socio-demographical & lifestyle information

Age(years), sex

Weight (Kg), height (m) -> BMI Active tabacco smoking, alcohol intake, sedentary habits

Waist circumferences (cm), hip circumference (cm) —> , .
W/H Pharmacological treatments, comorbidity (CIRS-SI)
Systolic blood pressure (SBP, mmHg), diastolic blood

pressure (DBP, mmHg) \y Psychometric assesment

HADS-A HADS-D
TClI
SF-36

£ For MS assessment both the ATPIIl and IDF criteria were used

Study protocol approved by the local Ethics Committee ( prot. No. 4396/C.E.)
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KP e risposta al trattamento ADs

International Journal of Neuropsychopharmacology, 2024,pyae041

Experimental Timeline https://doi.org/10.1093/ijnp/pyae041

Proliferation media+  Differentiation media Advance access publication 19 September 2024

cytokines and/or R-  + cytokines and/or R- OXFORD Regular Research Article
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Cytokine and
metabolite analysis

Regular Research Article

Gene expressionl Fixing and

Stress, Psychiatry and Immunolegy Laboratory, Institute of Psychiatry, Psychology and Neuroscience, Department of Psychological Medicine, King's College London,
UK (Miss Mandal, Miss Kirkpatrick, Mrs Mariani, Dr Pariante, and Dr Borsini); Department of Life Sciences, University of Modena and Reggio Emilia, Modena, Italy
Mr AThani)

bl i Ketamine Prevents Inflammation-Induced Reduction of
= Human Hippocampal Neurogenesis via Inhibiting the
— = Production of Neurotoxic Metabolites of the Kynurenine ¢
Pathway
i_ u"‘.::‘;': c : I Gargi Mandal * Madeline Kirkpatrick,* Silvia Alboni, Nicole Mariani, Carmine M. Pariante, Alessandra Borsini §

Significance Statement

Several studies have shown that ketamine is a fast-acting, efficient antidepressant that alleviates symptoms even in those suffer-
ing with treatment-resistant depression. However, its mechanisms of action are unclear. In this study we demonstrate, for the first
time (to our knowledge), that treatment in vitro of human hippocampal progenitor cells with R-ketamine or S-ketamine prevents
the reduction in neurogenesis caused by IL-6 and IL-1b. Additionally, our results suggest that this is achieved via the ability of the
ketamine enantiomers to counteract production of specific pro-inflammatory molecules, although with some enantiomer-specific
effects. However, we observe that the neuroprotective effect of ketamine enantiomers only involves inhibition of the kynurenine
pathway in the context of IL-1b, highlighting the importance of stratifying patients according to their unique inflammatory profile.
Overall, our findings have important implications toward the search for new and more personalized antidepressant treatment,
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The Kynurenine Pathway in Gut Permeability and Inflammation

Rowan Kearns'

Received: 15 May 2024 / Revised: 9 July 2024 / Accepted: 21 August 2024
© The Author(s) 2024

Abstract

The gut-brain axis (GBA) is a crucial communication network linking the gastrointestinal (GI) tract and the central nervous
system (CNS). The gut microbiota significantly influences metabolic, immune, and neural functions by generating a diverse
array of bioactive compounds that modulate brain function and maintain homeostasis. A pivotal mechanism in this com-
munication is the kynurenine pathway, which metabolises tryptophan into various derivatives, including neuroactive and
neurotoxic compounds. Alterations in gut microbiota composition can increase gut permeability, triggering inflammation
and neuroinflammation, and contributing to neuropsychiatric disorders. This review elucidates the mechanisms by which
changes in gut permeability may lead to systemic inflammation and neuroinflammation, with a focus on the kynurenine
pathway. We explore how probiotics can modulate the kynurenine pathway and reduce neuroinflammation, highlighting their
potential as therapeutic interventions for neuropsychiatric disorders. The review integrates experimental data, discusses the
balance between neurotoxic and neuroprotective kynurenine metabolites, and examines the role of probiotics in regulating
inflammation, cognitive development, and gut-brain axis functions. The insights provided aim to guide future research and
therapeutic strategies for mitigating GI complaints and their neurological consequences.
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HPLC/MS method
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HPLC/MS method
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Microbiota Alterations in Alzheimer’s Disease: Involvement
of the Kynurenine Pathway and Inflammation

Michelle L. Garcez” + Kelly R. Jacobs ' « Gilles J. Guillemin'

Received: 13 December 2018 /Revised: 30 April 2019 /Accepted: 2 May 2019 /Published online: 14 May 2019
(©) Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract

Alzheimer’s disease (AD) is a neurodegenerative disease considered the major cause of dementia in the elderly. The main
pathophysiological features of the disease are neuronal loss (mainly cholinergic neurons), glutamatergic excitotoxicity, extracel-
lular accumulation of amyloid beta, and intracellular neurofibrillary tangles. However, other pathophysiological features of the
disease have emerged including neuroinflammation and dysregulation ofthe kynurenine pathway (KP). The intestinal microbiota
is a large and diverse collection of microorganisms that play a crucial role in regulating host health. Recently, studies have
highlighted that changes in intestinal microbiota contribute to brain dysfunction in various neurological diseases including AD.
Studies suggest that microbiota compositions are altered in AD patients and animal models and that these changes may increase
intestinal permeability and induce inflammation. Considering that microbiota can modulate the kynurenine pathway and in turn
neuroinflammation, the gut microbiome may be a valuable target for the development of new disease-modifying therapies. The
present review aims to link the interactions between AD, microbiota, and the KP.

Keywords Alzheimer’s disease - Microbiota - Probiotics - Inflammation - Kynurenine pathway
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3-HAA : 3-Hydroxyanthranilic Acid

IH-KYN : 3-Hydroxykynurening

5-HTP : 5-Hydraxytryptophan

AARD : ic Amino Acid

1D0 : Indoleamine 2,3-Dioxygenase
L : Indole-3-Lactic Acid

IPA : Indole-3-Propionic Acid

IPYA : Indole-3-Pyruvate

AANAT :

acdA : acyl-CoA dehydrogenase
AraT - Aromatic amino acid aminotransferase

KAT :

KMO : 3-

KYNU : Kynureninase
MAO : Oxydase

ASMT
dBC : phenyllactate dehydratase

Indole-3-Aldehyde
1AM : Indole-3-Acetamide

NAD : Nicotinamide Adenine Dinucleotide

porB, € - pyruvate : ferredaxin oxidoreduciase B and C
TDO : Tryplophan 2,3-Dioxygenase

TMO : Tryptophan 2-Monooxygenase

TNA : Tryptophanase

ToH : Tryptophan Hydroxylase

TrD : Tryptophan Decarboxylase
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