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Abstract

L-a-Aminoadipic acid is a lysine metabolite with neuroexcitatory properties, and has previously been shown to inhibit the
production of the broad spectrum excitatory amino acid receptor antagonist kynurenic acid in brain tissue slices. The effects of
L-a-aminoadipic acid on the levels of extracellular kynurenic acid were now studied by microdialysis in the dorsal hippocampus
of freely moving rats. Application of L-a-aminoadipic acid through the microdialysis probe dose dependently decreased both the
concentration of endogenous kynurenic acid and of kynurenic acid which was produced de novo from its bioprecursor
L-kynurenine (500 uM applied through the probe). 500 uM L-a-aminoadipic acid lowered the kynurenic acid concentration in
the dialysate by 47% and 28% with and without precursor loading, respectively, whereas p-o-aminoadipic acid was without
effect. Co-administration of 500 uM rL-a-aminoadipic acid with 50 uM veratridine, which by itself produces a substantial
decrease in the levels of extracellular kynurenic acid, did not result in a further reduction in kynurenic acid concentrations.
Extensive neuronal degeneration caused by an intrahippocampal injection of quinolinic acid (120 nmol) did not interfere with the
effect of L-w-aminoadipic acid. Taken together, these data suggest that the effect of L-w-aminoadipic acid on extracellular
kynurenic acid levels is likely due to its direct action on astrocytes, which are known to harbor kynurenic acid’s biosynthetic
enzyme, kynurenine aminotransferase. L-a-Aminoadipic acid may modulate kynurenic acid function in the brain and thus play a
role in the pathogenesis of neurodegenerative and seizure disorders.
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1. Introduction

Kynurenic acid is a broad spectrum excitatory amino
acid receptor antagonist which possesses relatively high
affinity for the glycine co-agonist site of the N-methyl-
p-aspartate (NMDA) receptor (Stone, 1993). In addi-
tion to its common use as a convenient pharmacologi-
cal tool, kynurenic acid has received attention as a
possible endogenous modulator of excitatory amino
acid receptor function in the brain. Recent evidence
has suggested that kynurenic acid, which is present in
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the mammalian brain in nanomolar to micromolar con-
centration, may serve as the brain’s own defense against
overactivation of excitatory amino acid receptors, and
against pathological consequences such as excitotoxic-
ity and seizures (Schwarcz et al., 1992). Thus, kynurenic
acid levels increase during periods of seizure activity
(Wu and Schwarcz, 1994), and neuroprotection and
seizure reduction have been reported in situations
where brain kynurenic acid concentrations were ele-
vated experimentally (Russi et al., 1992; Nozaki and
Beal, 1992; Vécsei et al., 1992; Carpenedo et al., 1994).
It was also shown that non-specific kynurenic acid
synthesis inhibitors such as aminooxyacetic acid
(Urbanska et al., 1991; Beal et al., 1991; McMaster et
al.,, 1991) and vy-acetylenic GABA (McMaster et al.,
1993) are capable of causing excitotoxic lesions upon
intracerebral application to experimental animals. The
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idea that kynurenic acid plays a role in excitatory
amino acid receptor function is further supported by
neuroanatomical studies which have demonstrated the
presence of kynurenic acid’s biosynthetic enzyme,
kynurenine aminotransferase, in astrocytic processes
closely apposed to glutamatergic synapses (Schwarcz et
al., 1992).

In the rat brain, extracellular kynurenic acid concen-
trations are low (approximately 20 nM) but readily
increase after the administration of L-kynurenine, the
natural substrate of kynurenine aminotransferase (Spe-
ciale et al., 1990; Swartz et al., 1990; Wu et al., 1992a,b).
Several reports, studying either endogenous kynurenic
acid or the de novo production of kynurenic acid from
kynurenine, have demonstrated that kynurenic acid
levels in the extracellular compartment can be influ-
enced, for example, by depolarizing agents, experimen-
tal neuronal ablation or pharmacological manipulation
of the kynurenine pathway (Turski et al., 1989; Wu et
al.,, 1992a,b; Carpenedo et al., 1994). In most cases,
these effects were first noted in studies with brain
tissue slices and were subsequently confirmed in vivo
using brain microdialysis.

Extracellular kynurenic acid concentrations decrease
under depolarizing conditions, i.e. after tissue exposure
to high K* concentrations, veratridine or certain exci-
tatory amino acids. The mechanisms by which these
agents reduce kynurenic acid levels are not fully under-
stood but are likely to involve both indirect and direct
actions on kynurenic acid-producing astrocytes (Wu et
al., 1992a,b). Since this phenomenon could constitute a
means to regulate brain kynurenic acid function, we
now selected the most potent endogenous agent found
in vitro, L-a-aminoadipic acid (Gramsbergen et al.,
1989), for a detailed in vivo microdialysis study in rats.
L-a-Aminoadipic acid is a lysine metabolite which ex-
ists in mammalian brain in micromolar concentration
(Bernasconi et al., 1988; Chang et al., 1990; Rao and
Chang, 1990; Tsai, 1992). Its properties as a glutamate
uptake inhibitor (Fletcher and Johnston, 1991; Robin-
son et al., 1991), postsynaptic excitatory amino acid
receptor agonist (Hall et al.,, 1977), excitotoxin
(Garthwaite and Regan, 1980; Olney et al., 1980) and
gliotoxin (Olney et al., 1980; Huck et al., 1984a; Takada
and Hattori, 1986; Kato et al., 1990) are well docu-
mented, but only sporadic efforts have been made to
examine its putative neuromodulatory role. In the pres-
ent set of experiments, L-a-aminoadipic acid was ap-
plied through the microdialysis probe to investigate its
pharmacological effect on kynurenic acid metabolism
and, possibly, to mimic its function as an endogenous
regulator of kynurenic acid levels. All studies were
performed in the rat hippocampus, a brain area that is
exquisitely sensitive to excitotoxic insults (Koéhler, 1984).
Some of the data described here have been published
in abstract form (Schwarcz and Wu, 1991).

2. Materials and methods
2.1. Chemicals

L-a-Aminoadipic acid, bp-a-aminoadipic acid,
kynurenic acid, L-kynurenine, quinolinic acid, veratri-
dine and tetrodotoxin were purchased from Sigma (St.
Louis, MO). All other chemicals were of the highest
commercially available purity.

2.2. Animals

Male Sprague-Dawley rats (180-220 g), housed un-
der standard laboratory conditions at a 12 h/12 h
light /dark cycle with free access to food and water,
were used in all experiments.

2.3. Quinolinic acid lesion of the hippocampus

Under chloral hydrate (360 mg/kg, i.p.) anesthesia,
animals were placed in a David Kopf stereotaxic frame
(Tujunga, CA), with the upper incisor bar set at 2.4
mm below the interaural line. 7 days prior to the
microdialysis experiments, a unilateral injection of
quinolinic acid (120 nmol /1 ul, pH 7.4) was made over
10 min into the dorsal hippocampus (A: 3.4 mm behind
bregma, L: 2.3 mm from the midline, V: 3.0 mm below
dura) as described previously (Wu et al., 1992b).

2.4. Microdialysis

On the day before a microdialysis experiment, the
animals were anesthetized with chloral hydrate (360
mg/kg, i.p.) and mounted in the stereotaxic frame. A
guide cannula (outer diameter: 0.65 mm) for the micro-
dialysis probe was positioned over the dorsal hip-
pocampus (I mm below the dura), using identical
stereotaxic coordinates as for intrahippocampal injec-
tions (cf. above), and secured to the skull with acrylic
dental cement. In experiments with quinolinic acid-le-
sioned rats, the guide cannula was implanted 6 days
after the intrahippocampal injections.

1 day after the surgery, a microdialysis probe
(CMA /10, membrane length: 2 mm, Carnegie Medicin,
Stockholm, Sweden) was inserted through the guide
cannula, extending vertically throughout the dorsal hip-
pocampus. Ringer solution (144 mM NaCl, 4.8 mM
KCl, 1.2 mM MgSO,, 1.7 mM CaCl,, pH 6.7) was
delivered at a flow rate of 1 nl/min with a microinjec-
tion pump (CMA /100, Carnegie Medicin) for 1 h to
establish stable conditions for dialysis. Freshly pre-
pared kynurenine (500 uM in Ringer solution; Wu et
al., 1992b) was then perfused for 2-3 h. Subsequently,
the test compounds (L-a-aminoadipic acid, D-a-
aminoadipic acid, veratridine, tetrodotoxin) were added
to the solution containing kynurenine, and perfusion
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continued for an additional 4 h. Control animals were
perfused with 500 wM kynurenine for a total of at least
7 h. Dialysates were collected every 30 min. In the
experiments designed to study the fate of endogenous
kynurenic acid, the animals were first perfused with
Ringer solution for 3 h. L-a-Aminoadipic acid or p-a-
aminoadipic acid, dissolved in Ringer solution, was
then delivered through the dialysis probe for 2.5 h.
After discontinuation of the perfusion with L- or p-a-
aminoadipic acid, recovery from the effect induced by
the test compounds was studied for another 2.5 h
(perfusion with Ringer solution only).

2.5. Determination of kynurenic acid in the dialysate

For the determination of kynurenic acid in the
dialysate in the presence of kynurenine, each 30 ul
fraction was mixed with 30 ul of 1 M HCI and applied
to a Dowex 50 W ion exchange column (H "-form). The
column was then washed with 1 ml 0.1 M HCI and 1 ml
distilled water. Kynurenic acid was eluted with 2 ml of
distilled water (Turski et al., 1989), and the eluate was
lyophilized. The samples were resuspended in 300 ul
water, and 200 pl were applied to a 3 um C,g high
performance liquid chromatography (HPLC) column
(100 X 3.2 mm id. Bioanalytical Systems, West
Lafayette, IN). Kynurenic acid was eluted isocratically
at a flow rate of 0.5 ml/min utilizing a mobile phase of
50 mM ammonium acetate containing 5% methanol.
Kynurenic acid was detected spectrophotometrically at
340 nm.

Endogenous kynurenic acid in the dialysate was
determined according to the methodology developed
by Shibata (1988) as modified by Wu et al. (1992a).
Briefly, each 30 w1 dialysate was directly applied to an
HPLC system coupled with a fluorescence detector
(Perkin Elmer, LC 240) set at an excitation wavelength
of 344 nm and an emission wavelength of 398 nm. The
system utilized a mobile phase of 50 mM sodium
acetate, 0.25 M zinc acetate and 4% acetonitrile (pH
6.3), pumped through an 8 cm HR-80, 3 um reverse-
phase column (ESA, Bedford, MA) at a flow rate of 1.0
ml /min.

2.6. Histological analysis

The correct position of the microdialysis probe was
examined in every animal by routine histological proce-
dures. Briefly, animals were deeply anesthetized with
chloral hydrate (400 mg/kg, i.p.), perfused transcar-
dially with 4% paraformaldehyde, and their brain was
removed and postfixed for 48 h. Coronally cut 30 um
cryostat sections were stained with thionin and ob-
served in a light microscope. Only data from animals
with proper placement of the probe were used for
experimental analysis.

The success of intrahippocampal quinolinic acid in-
jections was also inspected by light microscopy. Only
animals which showed the characteristic massive neu-
ronal degeneration in the dorsal hippocampus
(Schwarcz et al., 1983) were used for data analysis.

2.7. Data analysis

Kynurenic acid concentrations were not corrected
for recovery through the dialysis probe (cf. Wu et al.,
1992b). Kynurenic acid levels after treatment with test
compounds were expressed as a percentage of basal
levels, i.e. the mean of the last three samples collected
prior to drug administration (= time 0). Kynurenic acid
levels in control animals were also calculated as a
percentage of the last three samples prior to time 0.
The effects of the treatment with test compounds,
compared to respective controls, were evaluated by
two-way analysis of variance (ANOVA) with Newman-
Keuls post-hoc analysis. Changes in endogenous
kynurenic acid following L-a-aminoadipic acid applica-
tion and withdrawal were statistically evaluated in com-
parison to control data obtained at the same time-
points using one-way ANOVA followed by Dunnett’s
test.

3. Results

3.1. De novo kynurenic acid production from kynure-
nine: controls

In agreement with a previous report (Wu et al,,
1992b), steady-state concentrations of extracellular
kynurenic acid were obtained within 2 h of perfusion
with 500 uM kynurenine alone. During continuous
perfusion with 500 M kynurenine for an additional 4
h, kynurenic acid concentrations did not deviate from
basal levels by more than 15% at any timepoint (Fig.

1).

3.2, L-a-Aminoadipic acid-induced inhibition of de novo
kynurenic acid production

The effects of different concentrations of L-a-
aminoadipic acid on the extracellular levels of
kynurenic acid were examined in the presence of 500
uM kynurenine. In a dose-dependent fashion, L-a-
aminoadipic acid caused a decrease in the kynurenic
acid content of the dialysate (Fig. 1). 300 uM and 500
uwM of L-a-aminoadipic acid resulted in a 25 + 4% and
47 + 5% decrement, respectively, by 1.5 h of perfusion.
No further decrease in extracellular kynurenic acid
occurred when the L-a-aminoadipic acid concentration
was raised to 1 mM. p-a-Aminoadipic acid (1 mM) did
not affect the production of kynurenic acid from
kynurenine (Fig. 1).
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Fig. 1. Effect of various concentrations of L-a-aminoadipic acid on
the levels of de novo produced extracellular kynurenic acid in hip-
pocampal dialysate. Rats were perfused with a combination of
kynurenine (500 M) and various concentrations of L-a-aminoadipic
acid (®) (indicated in the Fig.) or 1 mM p-a-aminoadipic acid (a).
Baseline data (O) represent cumulative values compiled from all six
experimental groups. Data (means + S.E.M.) were obtained from six
animals per group and are expressed as a percentage of basal levels
computed from the last three samples prior to time 0 (15.2+1.2 pmol
kynurenic acid/30 ul; n=36). Control animals were treated with
500 uM kynurenine alone (O). p-a-Aminoadipic acid [ F(7,70) = 0.76;
P > 0.05] and 100 wM L-a-aminoadipic acid [ F(7,70) = 1.76; P > 0.05)]
showed no effect on kynurenic acid production. 300 uM [F(7,70) =
2.42; P <0.05], 500 uM [F(7,70)=13.20; P <0.001] and 1 mM
[F(7,70) = 26.86; P < 0.001) L-w-aminoadipic acid caused statistically
significant decreases in kynurenic acid production.

3.3. Effect of L-a-aminoadipic acid on de novo kynurenic
acid production in quinolinic acid-lesioned hippocampus

Intrahippocampal infusion of quinolinic acid (120
nmol /1 wl) 7 days prior to microdialysis caused exten-
sive neuronal degeneration and pronounced astroglio-
sis throughout the dorsal hippocampus. Basal levels in
the neuron-depleted hippocampus were approximately
twice as high as in the unlesioned hippocampus (cf.
legends to Figs. 1 and 2, and also Wu et al., 1992b). 500
uM r-a-aminoadipic acid, applied through the dialysis
probe, caused a 54 + 6% decrease in de novo produced
kynurenic acid in the lesioned hippocampus by 1.5 h,
as compared to lesioned controls (perfused with
kynurenine only) (Fig. 2).

3.4. Comparison of L-a-aminoadipic acid- and veratri-
dine-induced inhibition of de novo kynurenic acid pro-
duction

L-a-Aminoadipic acid (500 wM) and veratridine (50
uM) had very similar effects on de novo kynurenic acid
production, resulting in a nadir of approximately 50%
of control levels by 2 h of perfusion (Fig. 3). Co-admin-
istration of 500 uM L-¢-aminoadipic acid and 50 puM
veratridine did not result in additive effects. Thus, joint
perfusion of the two compounds did not differ from
the effect of either L-a-aminoadipic acid alone or vera-
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Fig. 2. Effect of 1L-w-aminoadipic acid on the levels of extracellular
kynurenic acid in the quinolinic acid-lesioned hippocampus. Hip-
pocampi lesioned with quinolinic acid were perfused with 500 uM
kynurenine in the absence (O) or presence (®) of 500 uM L-a-
aminoadipic acid. Lesions were made by unilateral intrahippocampal
injection of quinolinic acid (120 nmol/1 ul) 7 days prior to the
experiment. Baseline data (O) represent cumulative values compiled
from both experimental groups. Data (means+S.E.M.) were ob-
tained from six animals per group and are expressed as a percentage
of basal levels computed from the last three samples prior to time 0
(32.1+4.2 pmol kynurenic acid/30 ul; n=12). L-a-aminoadipic
acid-treated and control animals differed significantly for each other
[F(7,70)=4.93; P <0.01].

tridine alone, respectively (Fig. 3). However, in con-
trast to the veratridine effect (Wu et al., 1992b), the
L-a-aminoadipic acid-induced decrease in kynurenic
acid levels was not prevented by the inclusion of 5 uM
tetrodotoxin in the perfusion solution (n = 6; data not
shown) [F (7,70) = 2.08; P > 0.05].

1204
538
4 B s &
1004 -0 \T/3\5/3~£ 3
23
8 % gl
55 60
5 « J
c ° \
g \;_ —I_T &
40
o
-2 -1 o} 1 2 3 4
Time (h)

Fig. 3. Effects of L-w-aminoadipic acid (500 uM; a) and veratridine
(50 wM; m) on the levels of extracellular kynurenic acid in the
presence of 500 uM kynurenine. Control animals were perfused with
500 uM kynurenine for a total of 7 h (0). Solid circles illustrate the
effect of co-perfusion with 500 uM L-e-aminoadipic acid and 50 uM
veratridine. Baseline data (1) represent cumulative values from all
four experimental groups. Data (means + S.E.M.) were obtained from
6 animals per group and are expressed as a percentage of basal levels
computed from the last three samples prior to time 0 (15.5+ 1.3 pmol
kynurenic acid /30 ul; n = 24). Joint perfusion of the two compounds
did not differ from the effect of either L-w-aminoadipic acid [ F(7,70)
=1.26; P > 0.05] or veratridine [ F(7,70) = 0.34; P > 0.05] alone.
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3.5. Effect of L-a-aminoadipic acid on endogenous
kynurenic acid levels

The concentration of extracellular endogenous
kynurenic acid did not deviate by more than 15% from
basal levels (defined as the average of the three 30 min
sampling periods prior to time 0) at any timepoint
during continuous perfusion with Ringer solution (Fig.
4). In a dose-dependent fashion, 1-a-aminoadipic acid
lowered the levels of endogenous extracellular
kynurenic acid in the hippocampus (Fig. 4), though the
effect of L-a-aminoadipic acid appeared to be less
pronounced than its reduction of de novo produced
kynurenic acid (cf. Fig. 1). Thus, 500 M and 2 mM
L-a-aminoadipic acid decreased the endogenous
kynurenic acid concentration in the dialysate by 28 +
3% (P < 0.05) and 37 + 3% (P < 0.05), respectively, 1.5
h after initiation of the perfusion. Discontinuation of
perfusion with 500 uM L-a-aminoadipic acid resulted
in a return to basal kynurenic acid levels within the
next 1.5 h. In contrast, discontinuation of perfusion
with 2 mM L-a-aminoadipic acid caused a slower re-
turn of extracellular kynurenic acid towards control
levels. Perfusion with this high concentration of rL-a-
aminoadipic acid kept kynurenic acid levels depressed
for at least 2.5 h after drug withdrawal. No changes in
kynurenic acid levels were observed in animals treated
with 2 mM bp-a-aminoadipic acid (Fig. 4).
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Fig. 4. Effect of 200 uM (e), 500 uM () or 2 mM (a) L-a-amino-
adipic acid or 2 mM bp-a-aminoadipic acid (aA) on the levels of
endogenous kynurenic acid in hippocampal dialysate. a-Aminoadipic
acid was delivered through the dialysis probe for 150 min (bar). After
discontinuation of the perfusion with a-aminoadipic acid, microdial-
ysis continued for an additional 150 min with Ringer solution alone.
Controls (O) were continuously perfused with Ringer solution alone.
Baseline data () represent cumulative values compiled from all five
experimental groups. Data (means+ S.E.M.) were obtained from six
animals per group and are expressed as a percentage of basal levels
computed from the last three samples prior to time 0(94.5+ 5.1 fmol
kynurenic acid/30 ul; n=30). “P <0.05, ~"P <0.01 as compared
to controls at the same timepoint (one-way ANOVA and Dunnett’s
test).

4. Discussion

The primary finding of the present study is that
L-a-aminoadipic acid is capable of stereospecifically
reducing the extracellular concentration of kynurenic
acid in the rat hippocampus. Since kynurenic acid is an
endogenous antagonist of excitatory amino acid recep-
tors, and may serve a regulatory role in excitatory
amino acid neurotransmission, the data therefore sug-
gest that L-a-aminoadipic acid may be an indirect mod-
ulator of excitatory amino acid function in the hip-
pocampus, augmenting glutamatergic tone by decreas-
ing the levels of an endogenous glutamatergic antago-
nist.

Although the presence of L-a-aminoadipic acid in
the mammalian brain (approx. 30 uM) has been re-
ported (Bernasconi et al., 1988), very little is currently
known about its metabolism and possible function in
the brain. In the periphery, L-a-aminoadipic acid is a
product of lysine catabolism, with pipecolic acid and
L-a-aminoadipic acid &-semialdehyde as important
metabolic intermediates (Rao and Chang, 1990; Chang
et al.,, 1990). The presence of key enzymes of L-a-
aminoadipic acid’s biosynthetic cascade in the brain
has as yet not been ascertained (Chang, 1978; Tsali,
1992), though it is noteworthy that patients suffering
from Zellweger syndrome, a peroxisomal disease char-
acterized by the absence of pipecolate oxidase, show
distinct neurological and psychiatric symptoms, which
are conceivably linked to the presumed deficit in brain
L-a-aminoadipic acid (Wanders et al., 1988; Mihalik et
al., 1989).

In mammalian cells, L-a-aminoadipic acid is de-
graded by transamination to a-oxoadipic acid. Interest-
ingly, the enzyme responsible for L-a-aminoadipic acid
catabolism, L-q-aminoadipic acid aminotransferase,
shares several physico-chemical and biochemical char-
acteristics with kynurenine aminotransferase and was
until recently thought to be identical with kynurenic
acid’s biosynthetic enzyme (Tobes and Mason, 1977).
However, the two enzyme activities are now known to
be associated with two different proteins (Mawal and
Deshmukh, 1991), and the presence and cellular local-
ization of L-a-aminoadipic acid aminotransferase in the
brain remains to be examined.

Although no attempts have been made to examine
the neurobiology of L-a-aminoadipic acid systemati-
cally, the neuropharmacological properties of exoge-
nously supplied r-e-aminoadipic acid have been the
subject of several studies. When applied to central
neurons, L-a-aminoadipic acid is a rather weak direct
excitatory amino acid receptor agonist (Hall et al.,
1977). In synaptosomes, L-a-aminoadipic acid is an
effective inhibitor of L-glutamate uptake, and has been
successfully used as a pharmacological tool to distin-
guish region-specific glutamate transport sites in the
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rat brain (Fletcher and Johnston, 1991; Robinson et
al., 1991). L-a-Aminoadipic acid has also been shown
to compete with the vesicular uptake of L-glutamate, a
potentially critical step in the recycling of neurotrans-
mitter glutamate (Fykse et al., 1992).

It is not immediately apparent how the reduction of
extracellular kynurenic acid levels by L-e-aminoadipic
acid might be related to its documented interference
with excitatory amino acid neurotransmission. Conceiv-
ably, L-a-aminoadipic acid may inhibit kynurenic acid
production by preventing the cellular uptake of kynure-
nine (Speciale and Schwarcz, 1990), though L-a-
aminoadipic acid does not seem to fulfil the require-
ments for transport by the large neutral amino acid
carrier (Christensen, 1984). It is more likely, however,
that the effect of L-a-aminoadipic acid on kynurenic
acid levels can be traced to intracellular events which
take place after L-a-aminoadipic acid is transported
into astrocytes through efficient Na*-dependent (Huck
et al., 1984b) or Na™*-independent (Tsai, 1992) pro-
cesses. Thus, astrocytes contain the vast majority of
kynurenine aminotransferase, which is singularly re-
sponsible for the production of kynurenic acid in the
rat brain (Okuno et al.,, 1991; Du et al., 1992). Al-
though L-a-aminoadipic acid does not compete directly
with kynurenine for transamination (Okuno et al.,
1991), it may interfere with the ability of kynurenine to
enter mitochondria, which harbor a substantial propor-
tion of kynurenine aminotransferase (Okuno et al.,
1991). Alternatively, L-a-aminoadipic acid may reduce
kynurenine aminotransferase activity indirectly, for ex-
ample by allosteric inhibition, or impede the efflux of
kynurenic acid from astrocytes (Turski et al., 1989).

The present study provides direct evidence in sup-
port of the idea that astrocytes are at the focus of the
interactions between L-a-aminoadipic acid and
kynurenic acid. Thus, the effect of L-w-aminoadipic
acid was seen in both normal and neuron-depleted
tissue, i.e. kynurenic acid production in controls and in
the excitotoxin-lesioned hippocampus was reduced to
the same degree (cf. Figs. 1 and 2). In absolute terms,
L-a-aminoadipic acid in fact caused a greater decrease
in extracellular kynurenic acid in the degenerated tis-
sue where astrogliosis resulted in a doubling of both
endogenous and de novo produced kynurenic acid lev-
els by 7 days after the lesion (Wu et al., 1992a,b). This
is in marked contrast to studies with the depolarizing
agent veratridine. As described previously (Wu et al.,
1992a,b), the reduction of extracellular kynurenic acid
levels by veratridine is dependent on the presence of
neurons, indicating that this compound, unlike L-a-
aminoadipic acid, affects astrocytes indirectly. It has
been postulated that veratridine first interacts with
tetrodotoxin-sensitive neuronal Na* channels and sub-
sequently releases an endogenous agent(s) (such as
glutamate or L-a-aminoadipic acid) from neurons,

which in turn reduces kynurenic acid production in
astrocytes (Wu et al., 1992b). This interpretation is in
line both with the lack of additivity of the effects of
L-a-aminoadipic acid and veratridine (Fig. 3) and the
ineffectiveness of tetrodotoxin in preventing the ac-
tions of L-a-aminoadipic acid.

L-a-Aminoadipic acid was more potent in reducing
the extracellular concentrations of newly synthesized
kynurenic acid than in decreasing endogenous
kynurenic acid levels. This discrepancy and the relative
resistance of endogenous kynurenic acid to pharmaco-
logical depletion in general has been observed previ-
ously in studies with veratridine and the non-specific
transaminase inhibitor aminooxyacetic acid, and may
be due to the existence of two intracellular kynurenic
acid pools (Wu et al., 1992a,b). It is also noteworthy
that L-¢-aminoadipic acid failed to cause a greater than
50% decrement in de novo synthesized kynurenic acid
in the present study. This is in contrast to veratridine
and aminooxyacetic acid, which at high concentrations
reduce the levels of newly produced kynurenic acid by
80% or more (Wu et al., 1992b). The lesser potency of
L-a-aminoadipic acid, as well as the rapid reversibility
of its action upon withdrawal, might be related to
efficient degradation of the amino acid in situ, which
could limit rL-a-aminoadipic acid’s ability to reduce
extracellular kynurenic acid levels.

Regardless of its precise mechanism of action, which
clearly needs to be elucidated in greater detail, the
present data indicate that L-a-aminoadipic acid should
be considered as an endogenous modulator of
kynurenic acid function in the brain. Decreases in the
extracellular levels of kynurenic acid may contribute to
excitotoxic neuropathology in a wide variety of neu-
rodegenerative and seizure disorders (Schwarcz et al.,
1992), and several lines of recent evidence indicate that
pharmacological manipulation of brain kynurenic acid
can decisively influence neuronal viability. The further
study of 1-a-aminoadipic acid neurobiology may there-
fore reveal interesting clues regarding both physio-
logical excitatory amino acid receptor function and the
pathogenesis of excitotoxic brain diseases.
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