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A commentary on

The Effect of Systemic Nitroglycerin Administration on the Kynurenine Pathway in the Rat
by Nagy-Grocz G, Laborc KE Veres G, Bajtai A, Bohdr Z, Zddori D, et al. Front Neurol (2017) 8:278.
doi: 10.3389/fneur.2017.00278

A significant role is exerted by glutamate in the physiopathogenesis of migraine. Biological
products originated in kynurenine pathway (KP) of tryptophan metabolism may interact with the
glutamatergic transmission. Interaction between the KP and the nitrergic system was demonstrated
by Nagy-Grocz and coworkers (1). They made a study evaluating the expression of N-formyl-
L-kynurenine by tryptophan 2,3-dioxygenase (TDO2), indoleamine 2,3-dioxygenase (IDOI),
anthranilic acid (ANA) by L-kynurenine hydrolase (KYNU), and 3-hydroxykynurenine (3-HK) by
L-kynurenine 3-monooxygenase (KMO) in the brain after intraperitoneal administration of nitro-
glycerin. As a matter of fact, only enzyme levels were reported, not the products of the enzymes.
Nitroglycerin significantly diminished the expression of TDO2, IDO1, KYNU, and KMO in the
trigeminal nucleus caudalis (TNC) (1).

This indicates that the KP may be one of the several mechanisms through which a headache
attack could be triggered or attenuated. Different compounds originating in the KP may have distinct
physiological functions. Activation of the KP may produce compounds that can inhibit NMDA
receptors, which may be involved in migraine chronification or triggering headache crises. On the
contrary, the inhibition of this pathway would allow a more effective interaction of glutamate with
NMDA receptors. With this in mind, it is important to note that one of the key metabolites in
the KP is kynurenic acid, an endogenous glutamate receptor antagonist. Key products of the KP
may act at cross-purposes—an agonist and an antagonist at the NMDA receptor. A very intriguing
possibility, however, that I would like to mention is a very selective control of each of the enzymatic
steps in such a way as to promote a differentiated synthesis of KP metabolites, as in the example of
the catecholaminergic neurons. This would lead to the predominance of some KP metabolite(s) in
relation to others under different physiological or pharmacological conditions. The absence of some
enzymes in different cells would, nonetheless, produce NMDA agonist neuroactive substances or
vice versa.

Such KP metabolites, originating from a cascade of enzymatic steps, can bind to different
receptors. For example, kynurenine binds through an aryl hydrocarbon receptor. Quinolinic acid
is an agonist at NMDA receptors. Kynurenic acid, in addition to blocking NMDA receptors and
a7-homomeric nicotinic cholinoceptors, also acts as an agonist at the orphan G-protein-coupled
receptor 35 (GPR35). And cinnabarinic acid activates metabotropic glutamate receptors (2). One
possible CNS site in which this may occur is the TNC, which receives peripheral afferents from
the trigeminal system, an area where upregulation of Fos occurs after nitroglycerin treatment (3).
An increase in nNOS and CGRP in the dura mater and CGRP in the TNC was also observed after
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Nitroglycerin Administration and Kynurenine Pathway

nitroglycerin administration, which was inhibited by olcegepant,
an antagonist of CGRP receptors (3). This suggests an interaction
between nitroglycerin and CGRP system in TNC. Also, evidence
indicates that there are bidirectional interactions between the KP
and NO production in the brain.

Nitroglycerine, when administered to migraineurs, is able
to trigger a headache with characteristics similar to those of
migraine attacks (4), strongly indicating that the production of
NO is involved in a migraine crisis. Previously, we measured the
serum NO levels in 357 women during a migraine attack (5, 6).
The levels were significantly higher during the migraine attack
than at times when they were without pain (5, 6). Interestingly,
preventive treatment with either propranolol or amitriptyline
induced a significant decline in the serum levels of NO after
2, 4, and 6 months (5, 6). In addition, simvastatin, a drug known
to inhibit inductive NO synthase and stimulate endothelial NO
synthase, also decreased the NO concentration in the serum, an
effect associated with a significant decline in the frequency of
migraine attacks in dyslipidemic women (5, 6).

Thus, NMDA receptors can be activated or inhibited by bio-
logically active molecules generated by tryptophan metabolism
through the KP and this seems to play a role in several primary
headache disorders, such as migraine and cluster headache
(CH) (7-9). Martelletti and coworkers (8) were able to measure
kynurenine, kynurenic acid, ANA, 3-hydroxy-anthranilic acid
(3-HANA), 3-HK, xanthurenic acid (XA), quinolinic acid, tryp-
tophan, and 5-hydroxyindoleaceticacid (5-HIAA) in the serum of
CH patients. Significant decreases were observed in kynurenine,
kynurenic acid, 3-HK, 3-HANA, XA, 5-HIAA, and quinolinic
acid compared to a control group. An increase was observed in
the concentrations of tryptophan and ANA. Interestingly, no dif-
ferences were identified in the levels of any of the abovementioned
metabolites when comparing episodic and chronic CH patients,
with the exception of kynurenine levels, which were higher in
those with chronic CH (8). This indicates that the KP products
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may be produced and released in a differentiated form, suggesting
selective activation of KP enzymes.

Recent evidence has demonstrated that L-kynurenine or one
of its derivatives may regulate the systemic circulation, among
other things by dilating arterial blood vessels and increasing
blood flow to the brain (10). Migraine is a neurologic disorder
with major involvement of blood vessels, probably exerting a
role in the genesis of pain felt by the patient. Thus, activation
or inhibition of KP may be part of the vascular phenomena
(e.g., cortical spreading oligemia, blood pressure changes, and
facial pallor) clearly observed during a migraine attack.

In migraine physiopathology, a large number of putative
biologically active molecules participate at different anatomical
regulatory sites, e.g., dura mater, trigeminal ganglia, CNS, and
head vessels. Enzymes and specific receptors are activated or
inhibited during the process of this important alarm system,
signaling a potential internal or environmental danger. The
therapeutic arsenal currently used was developed with the aim of
targeting some of these control levels by stimulating or inhibiting
specific receptors or enzymes. A better understanding how the
KP and its enzymes work in different headache subtypes will
probably lead to the development of new and more effective drugs
for use in either acute or preventive treatment.

In conclusion, the authors (1) used a rodent model to further
study the mechanisms through which primary headaches are
triggered. Interestingly, all four investigated enzymes underwent
downregulation when the animal was treated with NGT, a drug
known to cause headache in humans. Further studies are required
to demonstrate whether each of these enzymes could be regulated
in an independent or specific manner.
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