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Endogenous level of kynurenic acid and activities of kynurenine amino-
transferases following transient global ischemia in the gerbil hippocampus.
E. LUCHOWSKA, P. LUCHOWSKI, A. SARNOWSKA, M. WIELOSZ,
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The accumulated data indicate that massively released excitatory amino
acids play a major role in mediating the acute ischemic neuronal degenera-
tion. Kynurenic acid (KYNA), the endogenous glutamate receptor antago-
nist, displaying a particularly high affinity for the glycine-site of N-methyl-
D-aspartate (NMDA) receptor, was shown to ameliorate ischemic brain
damage and its altered metabolism was implicated in the pathogenesis of
neurodegeneration during ischemia/anoxia. Thus, we investigated the effect
of transient global ischemia in gerbils on the endogenous levels of KYNA
and the activity of its biosynthethic enzymes, kynurenine aminotransferases
I (KAT I) and II (KAT II) in the hippocampus, 24 and 72 h after the ischemic
episode. The level of KYNA in CA1 area was not altered 24 and 72 h fol-
lowing transient global ischemia (39.7 ± 3.1 vs. 44.8 ± 4.2, and 46.3 ± 4.0 vs.
47.8 ± 3.9 fmol/mg of tissue). Similarly, the activities of KATs in CA1 area
were not changed and reached 1.91 ± 0.11 vs. 1.8 ± 0.19 and 1.86 ± 0.1 vs.
1.7 ± 0.15 (KAT I), and 0.56 ± 0.2 vs. 0.43 ± 0.16 and 0.54 ± 0.08 vs. 0.55 ±
0.17 (KAT II) pmol KYNA/mg of tissue/h, respectively. The presented data
indicate that KYNA production is preserved in CA1 area of gerbil hippo-
campus during early stages after ischemic insult.
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Abbreviations: KAT – kynurenine aminotrans-
ferase, KYNA – kynurenic acid, NMDA – N-me-
thyl-D-aspartate

INTRODUCTION

A brief period of global brain ischemia causing
selective neurodegeneration in the hippocampal
CA1 area is characterized by a substantial delay be-
tween the short insult and cell death. This phe-
nomenon was termed “delayed neuronal death” [9].
Approximately two decades after first reports, the
precise mechanism of delayed neuronal death has
not been yet fully understood, although many me-
chanisms have been proposed. One of the hypothe-
ses associates ischemic neurodegeneration with
excessive excitatory neurotransmission, known to
evoke a similar pattern of selective neuronal death
in experimental animals [6]. A number of data sup-
port this theory. Firstly, increases in the extracellu-
lar level of endogenous agonists of excitatory amino
acid receptors were demonstrated in humans and
animals. These include several-fold increase in glu-
tamate level during global ischemia, beginning
within 1–2 min after the insult started, and delayed
increase in a tryptophan metabolite, an agonist of
glutamate receptors of N-methyl-D-asparate (NMDA)
type, quinolinic acid, observed 48–72 h post-ische-
mia [1, 10, 11, 13]. It was also demonstrated that
the ischemic damage could be alleviated by the
lesions of afferent glutamatergic pathways [6].
Moreover, despite initial controversies, the experi-
ments in a variety of preparations have shown that
blockade of postsynaptic glutamate receptors greatly
diminishes sensitivity of the central neurons to hy-
poxia and ischemia [6, 8]. The inhibitory properties
are displayed by �-amino-3-hydroxy-5-methyl-4-iso-
xazolepropionic acid (AMPA) and NMDA receptor
antagonists, including blockers of glycine site on
NMDA receptor complex [6].

The only known endogenous antagonist of glu-
tamate receptors found in the mammalian brain is
kynurenic acid (KYNA) [15, 16]. It is synthesized
predominantly in glial cells via an irreversible trans-
amination of its bioprecursor, L-kynurenine, which
is catalyzed by kynurenine aminotransferases (KATs)
I and II [15, 16]. KYNA displays the highest affini-
ty for the glycine site associated with the NMDA
receptor complex [15]. Disturbed KYNA metabo-
lism was suggested as a factor that might contribute
to the development of neuronal cell loss in the

course of neurodegenerative disorders, epilepsy or
hypoxia/anoxia [15]. Indeed, exogenous admini-
stration of KYNA or its enhanced endogenous syn-
thesis attenuates cell death in models of focal and
global ischemia [2, 12].

The data on the production of KYNA after
ischemic insult are very limited. There are only two
reports which show no change in hippocampal con-
tent of KYNA and either the unaffected activity of
total KAT activity or its decrease on day 4 after
transient global ischemia, studied also in the whole
hippocampal structure [10, 11]. Due to the metho-
dological progress we are now able to measure the
activity of the KAT isoenzymes. Thus, we decided
to investigate the effect of transient global ischemia
in gerbils on the activity of KYNA biosynthetic en-
zymes, KAT I and II, and the endogenous produc-
tion of KYNA, specifically in the region of hippo-
campus displaying delayed neuronal loss, i.e. CA1
area.

MATERIALS and METHODS

Animals

Mongolian gerbils from Janvier Breeding Colo-
ny (France), weighing approximately 70 g, were
used. Animals were housed under standard labora-
tory conditions, at 20°C ambient temperature, with
food and water available ad libitum. Experimental
procedures have been approved by the Local Ethics
Committee and are in agreement with European
Communities Council Directive on the use of ani-
mals in experimental studies.

Materials

L-kynurenine (sulfate salt), KYNA, pyruvate,
pyridoxal-5’-phosphate, 2-mercaptoethanol, and cel-
lulose membrane dialysis tubing were obtained from
Sigma (St. Louis, USA), whereas all HPLC rea-
gents were obtained from Baker. All other chemi-
cals were purchased from Sigma (St. Louis, USA).

Transient global ischemia

Animals were anesthetized with 4% halothane
in mixture of 30%O /70%NO . Both carotid arter-
ies were isolated through an interior midline cervi-
cal incision. Two minutes before occlusion, the
concentration of halothane was reduced to 1.5%,
and this concentration was used throughout sur-
gery. Bilateral occlusion of carotid arteries was per-
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formed using non-traumatic microclips. Experi-
mental groups were subjected to ischemia for 5 min.
In sham-operated animals both carotid arteries were
isolated, but not occluded. During surgical proce-
dures animals were placed on a heating bed main-
taining their normal body temperature. Immedi-
ately after termination of surgery, the animals were
transferred to cages, and were kept at the room
temperature. Animals were killed by decapitation
at appropriate times. Their brains were immedi-
ately removed from the skull and dissected. Hippo-
campal formation, without the parahippocampal
cortex, was isolated and hippocampal CA1 area
was separated from the abdominal part as described
elsewhere [3]. The obtained tissue samples were
weighed and immediately stored at –80°C, until the
time of analyses.

Kynurenic acid measurement

Hippocampal tissue was placed in Eppendorf
tubes, homogenized in distilled water (1/15 w/v) on
ice with use of sonicator, and centrifuged at 11 900
× g for 10 min. The resulting supernatant (100 �l)
was mixed with 1 ml of 1 M HCl and 14 �l of 50%
trichloroacetic acid, and denaturated protein was
removed by further centrifugation for 10 min. The
obtained supernatant was applied to the columns
containing cation-exchange resin (Dowex 50 W1),
prewashed with 0.1 M HCl. Columns were subse-
quently washed with 1 ml of 0.1 M HCl and 1 ml of
water. KYNA was eluted with 2.5 ml of water. Elu-
ate was subjected to HPLC and KYNA was de-
tected fluorimetrically (Varian HPLC system; ESA
catecholamine HR-80, 3 �m, C.� reverse-phase
column) as described previously [7].

Determination of activity of kynurenine amino-

transferases I and II (KAT I and II)

The activities of KAT I and KAT II were as-
sayed as described previously [7] with modifica-
tion. Briefly, hippocampal tissue was homogenized
with sonicator in 5 mM Tris-acetate buffer, pH 8.0,
containing 50 �M pyridoxal-5’-phosphate and 10
mM 2-mercaptoethanol (1:50; w/v). The resulting
homogenate was dialyzed overnight at 8°C, using
cellulose membrane dialysis tubing, against 4 l of
the buffer composed as above. The enzyme prepa-
ration was incubated (37°C, 20 h) in the reaction
mixture containing 2 �M L-kynurenine, 1 mM py-
ruvate, 70 �M pyridoxal-5’-phosphate, 150 mM
Tris-acetate buffer, pH 7.0 or 9.5, for KAT II or

KAT I, respectively (all given concentrations are
the final ones). Three replicates were used for each
sample of hippocampal CA1 tissue. Glutamine (at
final concentration of 2 mM), the inhibitor of KAT I,
was added to samples assayed for KAT II activity.
Blanks contained the enzyme preparation that was
heat-deactivated at 100°C for 10 min. Rapid trans-
fer of samples (200 �l) to an ice-bath, followed by
the addition of 50% trichloroacetic acid (14 �l) and
1 M HCl (1 ml), ended the incubation. Denaturated
protein was removed by centrifugation and the su-
pernatant was applied to a Dowex 50W1 column.
Further procedures were performed as described
above.

Statistical analysis

The statistical comparisons of results were per-
formed using one-way ANOVA followed by the
evaluation of p value by method of Bonferroni.

RESULTS

Kynurenic acid content

The level of endogenous KYNA in CA1 area of
the hippocampus, measured 24 h after the insult
(ischemia), was not altered as compared to CA1 re-
gion of sham-operated animals (Fig. 1A). The
mean level of KYNA was 44.8 ± 4.2 vs. 39.7 ± 3.1
fmol/mg of tissue. Similarly, KYNA level in CA1
area was not changed 72 h after ischemic episode
vs. sham-operated group and reached 46.3 ± 4.0 vs.
47.8 ± 3.9 fmol/mg of tissue, respectively (Fig. 1A).

Kynurenine aminotransferases

(KAT I and II) activity

The activities of KAT I and II in CA1 area 24 h
after ischemic episode were not changed vs. the tis-
sue from sham-operated gerbils and reached 1.91 ±
0.11 vs. 1.8 ± 0.19 for KAT I, and 0.56 ± 0.2 vs.
0.43 ± 0.16 pmol of KYNA/mg of tissue/h for KAT II,
respectively (Fig. 1B,C). Similarly, the activities of
KATs in CA1 region were not altered 72 h after in-
sult episode as compared to sham-operated gerbils,
and reached 1.86 ± 0.1 vs. 1.7 ± 0.15 for KAT I,
and 0.54 ±0.08 vs. 0.55 ± 0.17 pmol of KYNA/mg
of tissue/h for KAT II, respectively (Fig. 1B,C).
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DISCUSSION

The above data indicate that endogenous
KYNA level and the activity of its biosynthetic en-
zymes, KAT I and KAT II, are not changed 24 and
72 h after transient global ischemia in CA1 hippo-
campal area. It is in agreement with the results
showing no change in the KYNA content in the
whole hippocampal structure following ischemic
insult [10, 11].

KYNA, endogenous metabolite of L-kynureni-
ne, at high concentrations is a broad-spectrum anta-
gonist of ionotropic glutamate receptors [15]. At
much lower concentrations, KYNA competitively
blocks the glycine site of NMDA receptor complex
and inhibits �7-nicotinic acetylcholine receptor [15].
Apart from its possible physiological role in the
modulation of glutamatergic and cholinergic neuro-
transmission, KYNA has been suggested to exert
neuroprotective effects and indeed, it was shown to
ameliorate neuronal loss in various models [15].
KYNA also attenuates the ischemic neuronal loss
both in vitro and in vivo. Peripherally administered
KYNA protects hippocampal CA1 pyramidal neu-
rons in a transient forebrain ischemia model in ger-
bils [12]. Similarly, the increase in endogenous pro-
duction of KYNA, due to the blockade of the con-
version of L-kynurenine to other metabolites,
reduces the infarct volumes of hippocampal CA1
region following bilateral carotid artery occlusion
in gerbils and after middle cerebral artery occlusion
in rats [2].

Surprisingly, numerous studies addressing the
role of KYNA in the development of neuronal loss,
and based on experimental models have not un-
equivocally demonstrated the reduction in its brain
level. KYNA is produced by glial cells, known to
undergo activation following the damaging insult,
and, thus, the up-regulation of its synthesis might
obscure the presumed local decreases of KYNA [15].

Intriguing hypothesis on the role of kynurenines
in the brain pathology arises from the observations
of the increased production of another kynurenine
metabolite, quinolinic acid, an endogenous agonist
of NMDA receptors, during epilepsy or following
traumatic and ischemic insults. Quinolinic acid is
a potent excitotoxin possibly interacting specifi-
cally with NR2A and NR2B NMDA receptor sub-
types which distinguishes it from other excitoto-
xins, including NMDA itself [15]. It has been dem-
onstrated that quinolinic acid induces seizures and
selective neurodegeneration when applied exoge-
nously in animals [14]. Substantial elevations in
brain quinolinic acid content were shown during
viral infections in mice, after excitotoxic insult and
following transient global ischemia in gerbils [4, 5].

Thus, it is conceivable to assume that the kyn-
urenine metabolism in CA1 area, occurring before
and during the development of delayed ischemic
neuronal death, might be shifted toward quinolinic
acid synthesis, thus favoring excessive stimulation
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of NMDA receptors. In such scenario, the local
production of KYNA might be relatively too low in
order to prevent pathological changes. The use of
drugs directing kynurenine metabolism towards
synthesis of KYNA, an approach already shown to
exert neuroprotective effects [2, 15], may thus cor-
rect the imbalance among endogenous kyn-
urenines.
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