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ABSTRACT 

 

Biochemical, genetic and behavioural aspects of dietary supplementation  

with kynurenic acid in rats. 

 

 The brain is constantly changing throughout the life span, and in humans, development 

processes occur even up to the age of 40. However, the most significant changes in CNS 

(central nervous system) occur during the second half of pregnancy and the first three months 

after delivery. According to the neurodevelopmental theory, exposure to endo- and exogenous 

substances at an early stage of development, may cause such permanent changes within the 

CNS that they may appear in adulthood in the form of various neurological or psychological 

disorders or diseases. The development of the CNS and the blood-brain barrier is a complex 

and long-lasting process which begins in the foetal period and still lasts after the birth, both in 

humans and in rats. It has been experimentally demonstrated that the development of the 

nervous system in a 4-7 day old rat corresponds to the development of a newborn human, 

born at due date. The proper functioning of the brain depends, not only on endogenous, but 

also on exogenous substances that significantly influence the processes of stimulation and 

inhibition in the CNS. One such substance is kynurenine acid (KYNA).  

 

 KYNA is the only known endogenous antagonist of all types of glutamate receptors: 

(1) for N-methyl-D-aspartic acid, NMDA, (2) for α- amino-2,3-dihydroic acid -5-methyl-3-

oxoisoxazole-4- propionic acid, AMPA, and (3) for kainate, KA. KYNA is also an antagonist 

of the α-7 cholinergic nicotinic receptor (α7nACh). The effect on the α7nACh receptors is 

related to the regulation of  neuronal development and subsequent differentiation of nerve 

cells. Animal studies have shown an increased expression of the α7nACh and NMDA 

receptors in the developing brain of a rat. 

 

 Synthesis of KYNA in the so-called kynurenine pathway is a multi-stage process. The 

conversion of L-kynurenine (L-KYN), which is a direct precursor to KYNA, is mediated by 



kynurenine aminotransferase (KAT) enzymes, primarily KAT II and KAT II. It is estimated 

that nearly 80% of KYNA is produced in glial cells.  

 

 Changes in the concentration of KYNA in the brain and/or cerebrospinal fluid were 

found, among others, in patients suffering from Alzheimer's disease, amyotrophic lateral 

sclerosis, epilepsy, schizophrenia or  depression. However, the role of KYNA in the 

pathogenesis of many CNS diseases is still not clear. 

 

 KYNA, contrary to its precursor L- kynurenine (L-KYN), does not pass (or passes in 

relatively small amounts) the blood-brain barrier (BBB) in adult rats. There is no data on the 

BBB permeability for metabolites of the kynurenine pathway during the CNS development, 

i.e. during the foetal period and after the birth. In experimental studies, only the L-KYN 

uptake system and the BBB transport mechanism were evaluated in adult rats. Experimental 

studies confirm greater penetration of the substance through to the CNS, at an early stage of 

development. 

 

 KYNA is present in  food and it absorbs very well from the gastrointestinal tract. 

Scientific research indicates that KYNA is present in high concentrations in bee products 

(propolis, honey, bee pollen) and in the  components of human diet, vegetable products such 

as broccoli, potatoes, cauliflower, garlic and onions. 

 

 There are reports in which it has been proved that a short-term increase in the amount 

of KYNA in the CNS (as a result of L-KYNA dietary supplementation) at the development 

stage, results in behavioural changes in adult rodents, and may be the cause of the occurrence 

of  mental illness in adulthood. The aim of this study was to assess the effect of  KYNA 

supplementation during CNS development period (i.e. from birth to adulthood) on the 

behaviour of adult rats, through the use of selected behavioural tests. The effect of KYNA 

supplementation on its level in the cortex and plasma of adult rats was also investigated. 

Moreover, the activity of  enzymes responsible for KYNA synthesis (KAT I and KAT II) was 

evaluated, as was the expression of mRNA for genes encoding these enzymes in  the cortex of 

adult rats.  

 

 The experiments were performed on rats of the Wistar strain. During the lactation 

period, the females received a 25  mg/L KYNA solution (study group) or drinking water 



without KYNA (control group). Then, after 21 days, the male juveniles were separated from 

their mothers and divided into two groups (consistent with their mother’s group membership). 

The juveniles in both groups were given either a KYNA solution (25 mg/L), or drinking water 

without KYNA, respectively. Behavioural tests were conducted in two cycles and there were 

three behavioural tests in each cycle (at 7th, 8th and 9th week of life, respectively). In the first 

cycle of experiments, depressive and anxiety symptoms in adult rats were evaluated. The 

following tests were carried out as follows: open field test (OF), elevated plus maze (EPM) 

and forced swim test (FST). In the second cycle of experiments, locomotor activity and 

schizophreniform symptoms in adult rats were examined. Then, twenty four hours after the 

last test (in both cycles), the animals were sacrificed and the cerebral cortex and blood were 

taken for biochemical and genetic testing. Evaluation of KYNA levels in blood plasma and 

cortex of adult rats, as well as activity of KAT I and KAT II enzymes in the cortex of adult 

rats, was carried out using high-performance liquid chromatography (HPLC) with a 

fluorescence detector. Expression of mRNA for genes coding for KAT I and KAT II enzymes 

was evaluated using the qRT-PCR method.  

 

 This study shows that none of the conducted behavioural tests manifested statistically 

significant differences between the group of animals supplemented with KYNA and the 

control group receiving water without the addition of KYNA. Supplementation with KYNA 

did not induce anxiety behaviour in adult rats in the OF and EPM test. Similarly, no 

differences were observed between the groups during immobility (depressive symptoms) in 

the FST test. In addition, there were no differences between the group of animals 

supplemented with KYNA and the control group in the PPI test and in  the AMF-induced 

locomotor activity test (schizophreniform symptoms). Moreover, no disturbances of 

spontaneous locomotor activity were observed in animals supplemented with KYNA. The 

obtained behavioural results were confirmed by the analysis of KYNA levels in the cerebral 

cortex and blood plasma of adult rats. There were no statistically significant differences in the 

acid concentration between the supplemented group KYNA and the control group. In 

addition, a long-term KYNA supplementation did not affect the activity of KAT I and KAT II 

enzymes in the rat cortex of the rats and mRNA expression for the genes coding for these 

enzymes.  

 

 In conclusion, this study shows that a long-term KYNA supplementation, from the 

moment of birth to adulthood, does not result in behavioural changes or contribute to the 



development of CNS disorders in adult rats. KYNA supplementation did not affect its level in 

blood plasma or the level in the cerebral cortex. There was no effect of long-term KYNA 

supplementation on both the activity of KAT I and KAT II enzymes as well as the expression 

of genes responsible for their synthesis in the brain. The obtained results indicate that chronic 

dietary supplementation in KYNA during the period of CNS development does not cause 

CNS disturbances or changes the KYNA level in the adult brain. Presented results do not give 

grounds to suggest that foods consumed by people during the CNS growth, which contain 

significant amounts of KYNA, may contribute to the development of neurological or 

psychiatric disorders in adults. 
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