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Introduction
Activation of the brain kynurenine pathway represents one 
of the most consistently found biochemical aberrations in 
schizophrenia and bipolar disorder with psychotic features. 
This pathway, representing the major route of tryptophan deg-
radation, gives rise to neuroactive metabolites, eg, kynurenic 
acid (KYNA), an astrocyte-derived compound that prefer-
ably blocks N-methyl-d-aspartate (NMDA) and α7 nicotinic  
acetylcholine-receptors.1–3 KYNA, and its precursor kynure-
nine, is increased in the cerebrospinal fluid (CSF) and post-
mortem brain in patients with schizophrenia and bipolar 
disorder with a history of psychosis.4–9 Coherent with this, 
schizophrenia postmortem studies show increased activity of 
tryptophan 2,3-dioxygenase (TDO), a rate-limiting enzyme 
of this pathway, and also decreased expression and activity of 
kynurenine monooxygenase (KMO).10

Being an NMDA receptor antagonist, KYNA shares 
pharmacological properties with phencyclidine and ketamine, 
substances known to induce psychotic states in healthy indi-
viduals, highly resembling those seen in patients.11,12 More-
over, animals with pharmacologically elevated brain KYNA 
levels display abnormal behavior consistent with the human 
schizophrenia phenotype, eg, disrupted prepulse inhibition,13 
memory deficits,14,15 and decreased set-shifting ability.16 

Accordingly, knockout mice lacking kynurenine transferase II,  
catalyzing the formation of KYNA from kynurenine, display 
improved cognitive function.17

The kynurenine pathway modulates the dopamine (DA) 
system, for decades known to be associated with schizo-
phrenia. Thus, chronic elevation of brain KYNA in rodents 
increases midbrain DA firing,18 as well as DA release and 
locomotor activity following a D-amphetamine challenge.19,20 
Conversely, stimulation of DA receptors, tentatively located on 
astrocytes,21,22 either indirectly by amphetamine or l-DOPA 
administration23,24 or directly by D1 or D2 subtype agonists,25 
decreases rat brain KYNA levels.

Given the neuroactive properties of KYNA, the kynure-
nine pathway may serve as a link between immune signaling 
and neuronal activity. Thus, the synthesis of KYNA, critically 
regulated by TDO and indoleamine 2,3-deoxygenase (IDO), is 
highly inducible by cytokines.26,27 In line with this, patients with 
schizophrenia display, in addition to a facilitated kynurenine 
pathway of the brain, elevated CSF levels of the proinflamma-
tory cytokines, IL-1β28 and IL−6.29 Altogether, these studies 
suggest that a central immune activation in psychotic disorders 
may causally lead to activation of the kynurenine pathway.

As both clinical and experimental studies suggest that 
antipsychotic drugs interact with cytokine signaling,30–33 we 
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aimed to investigate the effects of chronic treatment with tra-
ditional or atypical antipsychotic drugs on brain cytokines 
and KYNA.

Materials and Methods
Animals. Twenty-four male Sprague-Dawley albino rats 

(Charles River, Germany) weighing ∼180 g at the start of the 
experiment, were housed three per cage (12 hours light/dark) 
with food and water available ad libitum. Four groups were 
injected i.p. once a day for 30 days with either saline, haloperidol 
(1.5 mg/kg), clozapine (20 mg/kg), or olanzapine (2 mg/kg).  
This dosing regimen was tailored to reasonably capture clinical 
practice, ie, haloperidol, clozapine, and olanzapine with a 
range of 1–8 mg, 200–450 mg, and 10–20 mg, respectively. 
At day 31, animals were anesthetized with chloral hydrate 
(400  mg/kg) and put in a stereotactic apparatus; CSF was 
collected from the cisterna magna using a 25G needle con-
nected to a Hamilton syringe, and CSF was quickly frozen. 
Animals were decapitated, and the brains were removed and 
put on dry ice and stored at −20  °C until analysis. Experi-
ments were approved by and performed in accordance with the 
guidelines of the Ethical Committee of Northern Stockholm, 
Sweden. All efforts were made to minimize the number of 
animals used and avoid suffering.

Drugs and chemicals. Sterile saline and olanzapine 
(Zyprexa) were obtained from Apoteket Farmaci, clozapine 
from Tocris Bioscience, and haloperidol from Janssen Phar-
maceutica. Acetonitrile, EDTA, glucose, sodium acetate, 
NaOH, Na2S2O5, HCl, PBS, and zinc acetate were pur-
chased from Sigma-Aldrich. Chloral hydrate was obtained 
from Merck.

Analysis of KYNA in brain tissue. Analysis of KYNA 
was performed essentially as was recently described.29 Briefly, 
samples were run isocratically through a reversed-phase 
4 ×  150 mm ReproSil-Pur C18 column (3 µm; Dr. Maisch 
GmbH), with a mobile phase running at 0.5  mL/minute 
(50 mM sodium acetate, 7% acetonitrile in ultrapure dH2O) 
by a dual piston HPLC pump (LC-10AD VP, Shimadzu 
Corporation). A total of 0.5M zinc acetate were delivered 
postcolumn, and KYNA was analyzed by fluorescence detec-
tion (FP-2020 Plus, Jasco Ltd.), with excitation wavelength 
set to 344  nm, emission wavelength 398  nm. KYNA stan-
dard solutions (ranging between 30 and 1 nM) were used as 
a reference curve. Signals from the fluorescence detector were 
transferred to a computer for analysis with Datalys Azur 
(Grenoble, France).

Cytokine analysis. IL-1β, IL-4, IL-5, IL-8, IL-13, tumor 
necrosis factor (TNF)-α, and interferon-γ (IFN-γ) were ana-
lyzed in CSF from rats using a customized rat Ultra-Sensitive 
7-Plex Kit (Meso Scale Discovery). IL-6 was analyzed sepa-
rately using a customized rat Ultra-Sensitive Kit by the same 
platform. The assays were analyzed as per the manufacturer’s 
protocol with the modification of a longer primary incubation 
time (overnight at 4  °C). Intra-assay coefficient of variation 

was below 20% for all analytes presented. The limits of detec-
tion (LODs) in our analyses were IL-1β (32.3 pg/mL), IL-4 
(1.14  pg/mL), IL-5 (27.5  pg/mL), IL-8 (2.5  pg/mL), IL-13 
(2.84  pg/mL), TNF-α (2.54  pg/mL), IFN-γ (2.09  pg/mL), 
and IL-6 (39.9 pg/mL). With regard to the cytokine analysis, 
samples from five rats were excluded from statistical analysis 
because of failure of collecting CSF, blood contamination of 
CSF, or values below the detection limits.

Results
IL-1β, IL-4, IL-5, IL-8, IL-13, TNF-α, and IFN-γ in the 
CSF were analyzed using a Meso Scale Discovery immunoassay 
7-plex kit, and IL-6 was analyzed separately also by the Meso 
Scale platform. Administration of clozapine (20 mg/kg, i.p.)  
once daily for 30  days was found to markedly reduce CSF 
IL-8 levels compared to saline treated rats (23.2 ± 2.45 pg/
mL vs. 40.1 ± 3.44 pg/mL, P = 0.037). In contrast, similar 
treatments with haloperidol (1.5  mg/kg) or olanzapine 
(2 mg/kg) did not affect CSF IL-8 levels (34.8 ± 3.51 pg/mL  
and 34.6  ±  4.80  pg/mL, respectively, Fig.  1). All other 
cytokines were found to be below the LOD regardless of the 
chronic antipsychotic treatment. None of the drugs investi-
gated affected basal KYNA levels compared to saline treated 
controls (Table 1).

Discussion
The results of the present study show that chronic treatment 
with clozapine, in contrast to that of olanzapine or haloperidol, 
decreased CSF levels of IL-8, the only detectable CSF cytokine 
in our experiments. Some clinical and experimental data sug-
gest that the proinflammatory cytokine IL-8 is associated 
with schizophrenia, but no consistent picture has emerged in 
this regard. According to a meta-analysis of cytokine altera-
tions in patients with schizophrenia,34 elevated blood lev-
els of IL-8 is associated with an acute relapse in inpatients. 
Stratification of patients into responders and nonresponders to 
antipsychotic medication revealed significantly higher IL-8 in 
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Figure 1. CSF IL-8 in rats treated daily with saline i.p., haloperidol 
(1.5 mg/kg/day, i.p.; n = 4), clozapine (20 mg/kg/day, i.p.; n = 4), or 
olanzapine (2 mg/kg/day, i.p.; n = 6) during 30 days. Each bar represents 
the mean ± SEM. Statistics: *P = 0.032 (Mann–Whitney).
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plasma from nonresponders.35 Also, basal and lipopolysaccha-
ride (LPS)-induced IL-8 production is higher in peripheral 
blood mononuclear cells (PBMCs) from patients with schizo-
phrenia compared to controls.36 Notably, elevated maternal 
plasma levels of IL-8 is associated with neuroanatomical 
alterations in areas linked to schizophrenia among cases37 and 
increases the risk of developing the disease.38 Our findings are 
in analogy with a recent study by Chen et al.39 showing that 
clozapine, but not haloperidol, reduces IL-8 in human mac-
rophages following an LPS challenge. In human adipocytes, 
however, clozapine was found to increase mRNA of IL-8 and 
other cytokines.40 Notably, our finding that chronic olanzap-
ine treatment failed to affect rat CSF IL-8 levels is coherent 
with our recent study showing that patients during olanzapine 
treatment have CSF levels of IL-8 similar to healthy volun-
teers.29 The current finding may have clinical relevance as it 
implies that clozapine has anti-inflammatory properties in the 
brain and that this may be related to its unique clinical profile, 
also including increased risk of hematological side effects.41–44 
The mechanism by which clozapine inhibits brain IL-8 release 
is obscure. Given the relatively similar profile of clozapine and 
olanzapine in DA- or 5-hydroxytryptamine-receptor bind-
ing,45 it appears unlikely that any of these receptors accounts 
for the reduction in IL-8. However, clozapine, but not olan-
zapine, has been shown to act as a partial agonist at the gly-
cine site of the NMDA receptor.46,47 Given a modulation of 
IL-8 by the NMDA receptor,48 this action of clozapine may 
contribute to the reduction in CSF IL-8 seen after a chronic 
treatment. Importantly, one should be aware that the action of 
clozapine on brain immune activation might not be restricted 
to IL-8 solely. Thus, a major limitation of the present study is 
that among all cytokines analyzed, IL-8 was the only one that 
was found above the detection limit.

In the present study, none of the drugs administered 
affected basal levels of brain KYNA. These findings are in 
line with previous studies showing the lack of effects on brain 
KYNA by acute administration of antipsychotic drugs.13,49 
Further, our results are supported by a previous clinical 
study where drug-naive patients with schizophrenia showed 
the same magnitude of CSF KYNA elevation as patients on 
antipsychotics.6 In a previous experimental study, however, 
one-month, but not one-week treatment with haloperidol, 
raclopride, and clozapine, reduced KYNA levels in discrete 

brain regions of the rat, ie, striatal, hippocampal, and corti-
cal areas.49 At any rate, present and previous data collec-
tively speak against the possibility that the increased levels of 
KYNA found in clinical studies are the result of the antipsy-
chotic treatment per se.

Although proinflammatory cytokines are believed to 
induce the kynurenine pathway by the induction of the rate-
limiting enzymes IDO/TDO,26 the decrease in brain IL-8 seen 
after the chronic clozapine treatment apparently does not 
influence the levels of brain KYNA. This principally indi-
cates that this cytokine, in contrast to, eg, IFN-γ and/
or IL-1β, is not primarily involved in the modulation of 
KYNA synthesis.

In summary, the results of the present study show that 
chronic treatment with clozapine, in contrast to chronic 
treatment with haloperidol or olanzapine, is associated with 
decreased rat CSF levels of the proinflammatory cytokine 
IL-8. Such an effect may participate in the superior clinical 
efficacy of the drug.

Author Contributions
Conceived and designed the experiments: LS, SE, GE. Ana-
lyzed the data: ML. Wrote the first draft of the manuscript: 
ML. Contributed to the writing of the manuscript: LS, SE, 
MG, GE. Agree with manuscript results and conclusions: 
ML, LS, MG, SE, GE. Jointly developed the structure and 
arguments for the paper: ML, GE. Made critical revisions and 
approved final version: SE, MG, GE. All authors reviewed 
and approved of the final manuscript.

References
	 1.	 Birch PJ, Grossman CJ, Hayes AG. Kynurenic acid antagonises responses to 

NMDA via an action at the strychnine-insensitive glycine receptor. Eur J Phar-
macol. 1988;154:85–7.

	 2.	 Erhardt S, Olsson SK, Engberg G. Pharmacological manipulation of kynurenic 
acid potential in the treatment of psychiatric disorders. CNS Drugs. 2009; 
23:91–101.

	 3.	 Schwarcz R, Bruno JP, Muchowski PJ, Wu H-Q. Kynurenines in the mammalian 
brain: when physiology meets pathology. Nat Rev Neurosci. 2012;13:465–77.

	 4.	 Erhardt S, Blennow K, Nordin C, Skogh E, Lindström LH, Engberg G. 
Kynurenic acid levels are elevated in the cerebrospinal fluid of patients with 
schizophrenia. Neurosci Lett. 2001;313:96–8.

	 5.	 Linderholm KR, Skogh E, Olsson SK, et  al. Increased levels of kynurenine 
and kynurenic acid in the CSF of patients with schizophrenia. Schizophr Bull. 
2012;38:426–32.

	 6.	 Nilsson LK, Linderholm KR, Engberg G, et  al. Elevated levels of kynurenic 
acid in the cerebrospinal fluid of male patients with schizophrenia. Schizophr Res. 
2005;80:315–22.

	 7.	 Olsson SK, Samuelsson M, Saetre P, et al. Elevated levels of kynurenic acid in 
the cerebrospinal fluid of patients with bipolar disorder. J Psychiatry Neurosci. 
2010;35:195–9.

	 8.	 Olsson SK, Sellgren C, Engberg G, Landén M, Erhardt S. Cerebrospinal fluid 
kynurenic acid is associated with manic and psychotic features in patients with 
bipolar I disorder. Bipolar Disord. 2012;14:719–26.

	 9.	 Schwarcz R, Rassoulpour A, Wu HQ , Medoff D, Tamminga CA, Roberts RC.  
Increased cortical kynurenate content in schizophrenia. Biol Psychiatry. 
2001;50:521–30.

	 10.	 Sathyasaikumar KV, Stachowski EK, Wonodi I, et  al. Impaired kynurenine 
pathway metabolism in the prefrontal cortex of individuals with schizophrenia. 
Schizophr Bull. 2011;37:1147–56.

	 11.	 Krystal JH, Karper LP, Seibyl JP, et  al. Subanesthetic effects of the noncom-
petitive NMDA antagonist, ketamine, in humans: psychotomimetic, perceptual, 
cognitive, and neuroendocrine responses. Arch Gen Psychiatry. 1994;51:199–214.

Table 1. KYNA levels in rat whole brain following chronic of 
treatment with haloperidol, clozapine, or olanzapine.

n KYNA (nM) ± SEM

Control (saline) 6 21.33 ± 1.10

Haloperidol (1.5 mg/kg/day) 6 22.70 ± 1.30

Clozapine (20 mg/kg/day) 6 20.02 ± 1.12

Olanzapine (2 mg/kg/day) 6 20.58 ± 0.67

Notes: Values are mean ± SEM. No significant difference between groups 
was found (Mann–Whitney).

http://www.la-press.com
http://www.la-press.com/international-journal-of-tryptophan-research-j97


Larsson et al

52 International Journal of Tryptophan Research 2015:8

	 12.	 Luby ED, Cohen BD, Rosenbaum G, Gottlieb JS, Kelley R. Study of a new schizo-
phrenomimetic drug – sernyl. AMA Arch Neurol Psychiatry. 1959;81:363–9.

	 13.	 Erhardt S, Schwieler L, Emanuelsson C, Geyer MA. Endogenous kynurenic 
acid disrupts prepulse inhibition. Biol Psychiatry. 2004;56:255–60.

	 14.	 Chess AC, Simoni MK, Alling TE, Bucci DJ. Elevations of endogenous 
kynurenic acid produce spatial working memory deficits. Schizophr Bull. 2007;33: 
797–804.

	 15.	 Pocivavsek A, Wu H-Q , Potter MC, Elmer GI, Pellicciari R, Schwarcz R. 
Fluctuations in endogenous kynurenic acid control hippocampal glutamate and 
memory. Neuropsychopharmacology. 2011;36:2357–67.

	 16.	 Alexander KS, Wu H-Q , Schwarcz R, Bruno JP. Acute elevations of brain 
kynurenic acid impair cognitive flexibility: normalization by the alpha7 positive 
modulator galantamine. Psychopharmacology (Berl). 2012;220:627–37.

	 17.	 Potter MC, Elmer GI, Bergeron R, et al. Reduction of endogenous kynurenic 
acid formation enhances extracellular glutamate, hippocampal plasticity, and 
cognitive behavior. Neuropsychopharmacology. 2010;35:1734–42.

	 18.	 Nilsson LK, Linderholm KR, Erhardt S. Subchronic treatment with kynurenine 
and probenecid: effects on prepulse inhibition and firing of midbrain dopamine 
neurons. J Neural Transm. 2006;113:557–71.

	 19.	 Olsson SK, Andersson AS, Linderholm KR, et al. Elevated levels of kynurenic 
acid change the dopaminergic response to amphetamine: implications for schizo-
phrenia. Int J Neuropsychopharmacol. 2009;12:501–12.

	 20.	 Olsson SK, Larsson MK, Erhardt S. Subchronic elevation of brain kynurenic 
acid augments amphetamine-induced locomotor response in mice. J Neural 
Transm. 2012;119:155–63.

	 21.	 Khan ZU, Koulen P, Rubinstein M, Grandy DK, Goldman-Rakic PS. An astro-
glia-linked dopamine D2-receptor action in prefrontal cortex. Proc Natl Acad Sci 
U S A. 2001;98:1964–9.

	 22.	 Zanassi P, Paolillo M, Montecucco A, Avvedimento EV, Schinelli S. Pharmaco-
logical and molecular evidence for dopamine D(1) receptor expression by striatal 
astrocytes in culture. J Neurosci Res. 1999;58:544–52.

	 23.	 Rassoulpour A, Wu HQ , Poeggeler B, Schwarcz R. Systemic d-amphetamine 
administration causes a reduction of kynurenic acid levels in rat brain. Brain Res. 
1998;802:111–8.

	 24.	 Wu HQ , Rassoulpour A, Schwarcz R. Effect of systemic L-DOPA adminis-
tration on extracellular kynurenate levels in the rat striatum. J Neural Transm. 
2002;109:239–49.

	 25.	 Poeggeler B, Rassoulpour A, Guidetti P, Wu HQ , Schwarcz R. Dopaminergic 
control of kynurenate levels and N-methyl-d-aspartate toxicity in the developing 
rat striatum. Dev Neurosci. 1998;20:146–53.

	 26.	 Urata Y, Koga K, Hirota Y, et al. IL-1β increases expression of tryptophan 
2,3-dioxygenase and stimulates tryptophan catabolism in endometrioma stromal 
cells. Am J Reprod Immunol. 2014;72:496–503.

	 27.	 O’Connor JC, André C, Wang Y, et al. Interferon-gamma and tumor necrosis 
factor-alpha mediate the upregulation of indoleamine 2,3-dioxygenase and the 
induction of depressive-like behavior in mice in response to bacillus Calmette-
Guerin. J Neurosci. 2009;29:4200–9.

	 28.	 Söderlund J, Schröder J, Nordin C, et al. Activation of brain interleukin-1beta in 
schizophrenia. Mol Psychiatry. 2009;14:1069–71.

	 29.	 Schwieler L, Larsson MK, Skogh E, et al. Increased levels of IL-6 in the cere-
brospinal fluid of patients with chronic schizophrenia – significance for activa-
tion of the kynurenine pathway. J Psychiatry Neurosci. 2015;40:126–33.

	 30.	 Maes M, Bosmans E, Calabrese J, Smith R, Meltzer HY. Interleukin-2 and 
interleukin-6 in schizophrenia and mania – effects of neuroleptics and mood sta-
bilizers. J Psychiatr Res. 1995;29:141–52.

	 31.	 Müller N, Empl M, Riedel M, Schwarz M, Ackenheil M. Neuroleptic treatment 
increases soluble IL-2 receptors and decreases soluble IL-6 receptors in schizo-
phrenia. Eur Arch Psychiatry Clin Neurosci. 1997;247:308–13.

	 32.	 Song XQ , Lv LX, Li WQ , Hao YH, Zhao JP. The interaction of nuclear 
factor-kappa B and cytokines is associated with schizophrenia. Biol Psychiatry. 
2009;65:481–8.

	 33.	 Sugino H, Futamura T, Mitsumoto Y, Maeda K, Marunaka Y. Atypical anti
psychotics suppress production of proinflammatory cytokines and up-regulate 
interleukin-10  in lipopolysaccharide-treated mice. Prog Neuropsychopharmacol 
Biol Psychiatry. 2009;33:303–7.

	 34.	 Miller BJ, Buckley P, Seabolt W, Mellor A, Kirkpatrick B. Meta-analysis of 
cytokine alterations in schizophrenia: clinical status and antipsychotic effects. 
Biol Psychiatry. 2011;70:663–71.

	 35.	 Maes M, Bocchio Chiavetto L, Bignotti S, et al. Increased serum interleukin-8 
and interleukin-10 in schizophrenic patients resistant to treatment with neuro-
leptics and the stimulatory effects of clozapine on serum leukemia inhibitory 
factor receptor. Schizophr Res. 2002;54:281–91.

	 36.	 Reale M, Patruno A, De Lutiis MA, et  al. Dysregulation of chemo-cytokine 
production in schizophrenic patients versus healthy controls. BMC Neurosci. 
2011;12:13.

	 37.	 Ellman LM, Deicken RF, Vinogradov S, et  al. Structural brain altera-
tions in schizophrenia following fetal exposure to the inflammatory cytokine 
interleukin-8. Schizophr Res. 2010;121:46–54.

	 38.	 Brown AS, Hooton J, Schaefer CA, et al. Elevated maternal interleukin-8 levels 
and risk of schizophrenia in adult offspring. Am J Psychiatry. 2004;161:889–95.

	 39.	 Chen M-L, Wu S, Tsai T-C, Wang L-K, Tsai F-M. Regulation of macrophage 
immune responses by antipsychotic drugs. Immunopharmacol Immunotoxicol. 
2013;35:573–80.

	 40.	 Sárvári AK, Veréb Z, Uray IP, Fésüs L, Balajthy Z. Atypical antipsychotics 
induce both proinflammatory and adipogenic gene expression in human adipo-
cytes in vitro. Biochem Biophys Res Commun. 2014;450:1383–9.

	 41.	 Essali A, Al-Haj Haasan N, Li C, Rathbone J. Clozapine versus typical neuroleptic 
medication for schizophrenia. Cochrane Database Syst Rev. 2009;21:CD000059.

	 42.	 Kane J, Honigfeld G, Singer J, Meltzer H. Clozapine for the treatment-resistant 
schizophrenic. A double-blind comparison with chlorpromazine. Arch Gen Psy-
chiatry. 1988;45:789–96.

	 43.	 Leucht S, Corves C, Arbter D, Engel RR, Li C, Davis JM. Second-generation 
versus first-generation antipsychotic drugs for schizophrenia: a meta-analysis. 
Lancet. 2009;373:31–41.

	 44.	 Capannolo M, Fasciani I, Romeo S, et  al. The atypical antipsychotic clozap-
ine selectively inhibits interleukin 8 (IL-8)-induced neutrophil chemotaxis. Eur 
Neuropsychopharmacol. 2015;25:413–24.

	 45.	 Shahid M, Walker GB, Zorn SH, Wong EH. Asenapine: a novel psychophar-
macologic agent with a unique human receptor signature. J Psychopharmacol. 
2009;23:65–73.

	 46.	 Schwieler L, Engberg G, Erhardt S. Clozapine modulates midbrain dopamine 
neuron firing via interaction with the NMDA receptor complex. Synapse. 
2004;52:114–22. PMID: 15034917.

	 47.	 Schwieler L, Linderholm KR, Nilsson-Todd LK, Erhardt S, Engberg G. Clo-
zapine interacts with the glycine site of the NMDA receptor: electrophysi-
ological studies of dopamine neurons in the rat ventral tegmental area. Life Sci. 
2008;83:170–5.

	 48.	 Kvaratskhelia E, Maisuradze E, Dabrundashvili NG, Natsvlishvili N, 
Zhuravliova E, Mikeladze DG. N-methyl-d-aspartate and sigma-ligands change 
the production of interleukins 8 and 10 in lymphocytes through modulation of 
the NMDA glutamate receptor. Neuroimmunomodulation. 2009;16:201–7.

	 49.	 Ceresoli-Borroni G, Rassoulpour A, Wu HQ , Guidetti P, Schwarcz R. Chronic 
neuroleptic treatment reduces endogenous kynurenic acid levels in rat brain.  
J Neural Transm. 2006;113:1355–65.

http://www.la-press.com
http://www.la-press.com/international-journal-of-tryptophan-research-j97

