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Picolinic acid modulates kainic acid-evoked glutamate release
from the striatum in vitro
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Since picolimic acid, a tryptophan metabolite yielded by the kynurenine pathway, selectively attenuates quinolinic and kainic acid excitotoxicity
that 1s dependent on the presence of a glutamatergic afferent input, 1t was hypothesized that this agent may inhibit the presynaptic release of
glutamate Using superfused rat striatal slices, this study examined the potential of picolinic acid, and related pyridine monocarboxylic acids, to
modify kainic acid-induced glutamate release Kainic acid (0 25, 05 and 1 0 mM) stimulated the release of glutamate, an effect which was calcium
dependent and was attenuated in the presence of the kamnate /AMPA receptor antagonist, 6,7-dmitroquinoxalene-2,3-dione (500 uM) Picolinic
acid significantly decreased glutamic acid release evoked by exposure of striatal slices to 1 mM kainate n the presence of calctum The inhibitory
action of picolinic acid on kainate-induced release was also shared by nicotinic and 1sonicotinic acid In the absence of external calcium, kamnic
acid-induced glutamate release was significantly reduced by approximately 65% Under this condition, picolinic acid (100 M) failed to influence
kamnic acid-induced release Picolinic acid (100 pwM) 1itself increased glutamate release by 35% over basal release While the ability of picolinic
acid to mhibit excitotoxin-induced release supports the notion that it may act presynaptically to modify excitotoxicity, lack of structural specificity

in 1ts action tends to cast doubt on this mechanism of action

INTRODUCTION

Recent studies have shown that certain products of
tryptophan metabolism via the kynurenine pathway can
interact with excitatory amino acid (EAA) receptors as
agonists or antagomsts!” One such metabolite, quino-
Iinic acid (QUIN), a pynidine dicarboxylic acid, acti-
vates NMDA receptors to produce neuronal excita-
tion'® and excitotoxicity* In contrast, another metabo-
Iite, kynurenic acid, acts as an NMDA and non-NMDA
receptor antagonist and can block QUIN-induced exci-
tation or excitotoxicity

A recent study involving evaluation of the anti-ex-
citotoxic potential of several kynurenine pathway-de-
rived metabolites showed that picolinic acid, a pyndine
monocarboxylate, can attenuate the neurotoxic action
of QUIN on basal forebramn cholinergic neurons® This
anti-excitotoxic action of picolinic acid is unusual n
that this tryptophan metabolite does not appear to
have a prominent effect on synaptic excitation In
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experiments on hippocampal slices, Robinson et al '2
found that, unlike kynuremic acid, picolinic acid was
not very effective in blocking neuronal excitation driven
by synaptic activation Thus, picolimic acid appears to
mfluence excitotoxicity without significantly affecting
excitation of neurons

The mechanism underlying the anti-QUIN action of
picolinic acid 1s unknown A recent study? from this
laboratory which evaluated the action of picolinic acid
against the neurotoxic effects of several excitotoxins
revealed that this agent was only effective 1n attenuat-
mg the effects of those excitotoxins (QUIN and kainic
acid) which require the presence of intact glutamater-
gic afferents for the expression of their neurotoxic
effects This observation led to the postulate that picol-
mic acid may exert its protective effect against the
actions of certain excitotoxins through an interaction
with the glutamatergic afferent input at a presynaptic
level?> Previous studies have demonstrated that kainic
acid stimulates glutamatergic afferents and produces a
calcrum-dependent release of glutamate®#%”1!° Since
glutamatergic deafferentation of certain brain areas
blocks kainate neurotoxicity in these areas, it has been
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hypothesized that synaptic release of glutamate, or a
related substance, from glutamatergic afferents, con-
tributes to the neurotoxic action of this excitotoxin'* A
similar action of QUIN has also been postulated, al-
though the evidence for a stimulatory action of QUIN
on glutamate release 1s much less than that for
kamate*> In view of these observations, 1t would ap-
pear that picolimic acid may attenuate kammate and
QUIN-induced neurotoxicity by mmhibiting the presy-
naptic release of glutamate from nerve terminals The
actions of picolinic acid on this release are unknown
The present study was undertaken to determune if
ptcolimic acid and certan structurally related pyridine
monocarboxylates can influence excitotoxin-evoked
glutamate release This communication describes the
action of kamic acid on the release of endogenous
glutamate from slices of the rat striatum and the effect
of picolinic acid and related agents on this release

MATERIALS AND METHODS

All release experiments were performed using male Sprague-
Dawley rats (225-300 g), housed 1n a hight/dark environment (12 h
light, 12 h dark) at a constant temperature (20°C), and given full
access to food and water The amimals were killed by decapitation,
the brain removed and rinsed 1n i1ce-cold Krebs’ Ringer bicarbonate
(KRB) solution at pH 74 Dissection of the striatal region was
carried out 1n a cold room (4°C) The brain was placed, ventral
surface upward, in a caudal to rostral dissection, on a KRB-soaked
filter paper resting on a cold surface A plexiglass, two-blade holder
was placed on the brain such that the rear blade was positioned
immedately rostral to the optic chiasm Using the holder, a 4-mm
coronal tissue section was prepared The dissected tissue slab was
laid flat with rostral surface facing down, and striatum from both
sides was carefully removed using a microdissection kmife The
striata were rapidly transferred to a moistened filter paper resting on
the circular stage of a Mcllwain tissue chopper Using this chopper,
300-p m-thick sagittal slices of the striatum were prepared and trans-
ferred to a glass petni dish contaiming ice-cold KRB solution The
slices prepared from striata of two rats were pooled and transferred
to four chambers of a superfusion apparatus Each chamber (0 5 ml
volume) was maintained at 37°C by circulating water through a jacket
surrounding the chamber The tissues were placed on a polypropy-
lene mesh screen 1n each chamber and superfused with oxygenated
KRB solution {(maintained at 37°C) using a flow rate of 03 ml/mn

Following a 15-h superfusion period to equilibrate tissues, a
specific experimental protocol was followed to investigate (a) base-
line and stimulus-evoked glutamate release, (b) calcium dependence
ot evoked release, and (c) release of glutamate in the presence of
specific agents under study Details of individual experiments are
provided 1n the following section (see Results) Samples of super-
fusate were collected at 5-min intervals and reserved for the estima-
tion of glutamate levels

Quantitation of glutamate was carried out by reverse-phase high-
performance liquid chromatography (HPLC) using an automated
Shimadzu system The analysis involved pre-column derivatization of
the amino acid with O-phthaldehyde (OPA) and B-mercaptoethanol
at pH 104 to form fluorescent 1soindole derivative, separation on a
octadecylsilane reverse-phase column (Supelcosii LC-18, 4 6 mm
1d X150 mm length, 5 um particle size, Supelco, Oakville, Ontaro,
Canada), and detection of the fluorescence measurement The mo-
bile phase for HPLC, comprised of 50 uM aqueous sodium acetate /
methanol (72/28 v/v) at pH 75, pumped through the column at a
flow rate of 30 ml/min The detection of the amino acid derwvative

was carried out using an excitation and omission wavelength of 345
and 470 nm, respectively The peak areas of the chromatographic
signals were integrated and used to calculate the concentration of
amino acid Aqueous working standards and three water blanks were
analyzed with each set of superfusate samples The concentration of
glutamate 1n each experimental sample was calculated from the
respective standard curve (see below)

At the end of superfusion the slices were removed from the
chamber, and protein content in the homogenate determined by the
method of Lowry et al !!

The release of glutamate from slices was calculated as pmol/mg
protemn/5 min The results of experiments involving evoked release
were expressed as percent over baseline release This value was
calculated as follows

% Over baseline release

Total stimulated release — baseline release

Baseline release

The baseline release refers to the average release in three collection
periods immediately preceding the application of the stimulating
agent The stimulated release refers to the total release occurring
above the baseline value

Drugs and chemucals

Kainic acid, picohnic acid, isonicotinic acid, nicotinic acid, 6,7-di-
nitroquinoxalene-2,3-dione  (DNQX), O-phthaldehyde, and pB-
mercaptoethano! were all obtained from Sigma Chemical Co (St
Louss, Missouri, USA) Analytical grade methanol and sodium ac-
etate were obtained from Canlab (Toronto, Ontario, Canada) and
Fisher Scientific (Canada), respectively All solutions and buffers
were freshly prepared using deionized water

Statistical analysis
Data were compared using a one-way analysis of vartance
(ANOVA) followed by a Newman-Keuls test, or a Student’s ¢-test

RESULTS

Effect of kamnate on glutamate release

The effect of kainate on the release of glutamate
from stnatal slices are shown in Fig 1A When tissue
slices were exposed to kammic acid (1 mM) for a 5-mun
period, there was an immediate increase in the release
of glutamate The release evoked by kainate gradually
returned to the onginal baseline level over the follow-
mg 30-min superfusion period Fig 1B illustrates the
dose~response relationship for the stimulatory action
of kainic acid on glutamate release An increase in the
release of glutamate was apparent at 0 25 mM kainate
concentration and a maximal increase 1n release (200%
above baseline) was observed at 1 mM kamate A
higher concentration of kamate also induced release,
but the recovery to pre-kainate baseline levels was
mconsistent (data not shown)

To determune if the stimulatory effect on kainate
mvolved activation of EAA receptors, the action of
DNQOX (100, 250 and 500 M), a kanate/ AMPA
receptor antagonist, on this release was tested In these
and subsequent experiments, the release protocol used
to study kainate effect (Fig 1A) was shghtly modified
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Fig 1 A representative experiment showing the action of kamnic
acid on endogenous glutamate release from rat striatal slices The
tissues were superfused with Krebs’ bicarbonate for 1 5 h prior to the
start of sample collection Superfusate samples (1-13, horizontal
axis) were collected at 5-min periods Shices were exposed to Krebs’
bicarbonate contaming kamnic acid (1 mM) dunng the period desig-
nated by crossed bars B effect of different concentrations of kanic
acid on the release of glutamate from rat striatal shices The vertical
axis represents the total release of glutamate expressed as a percent
of baseline value The baseline release (128 1+ 17 0 pmol/mg pro-
tein/S min) represents average release during the six collection
periods preceding exposure to kainate (see panel A) Each point
represents an average of 10 experiments +SEM * Significantly

above baseline (P < 0 05)

After three baseline sample collections, the tissues
were superfused with a medmum contammng a fixed
concentration of DNQX, and exposure to this agent
was maintained for the subsequent seven collection
periods Following this, the tissues were superfused
with normal medium Fig 2 shows the results from
expermments with DNQX At the two lower concentra-
tions (100 and 250 M), DNQX appeared to attenuate
the kainate-stimulated glutamate release, but this ef-
fect was not statistically significant (P> 005) How-
ever, at a higher dose (500 M), the antagonist pro-
duced a significant inhibition of the kaimnate effect In
the presence of this concentration of DNQX, the
kainate-evoked release was only about 25% above
baseline release, representing a 75% nhibition of this
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Fig 2 Effect of the kamnate/AMPA receptor antagonst, 6,7-di-
nitroquinoxalene-2,3-dione (DNQX), on striatal glutamate release
induced by 1 mM kamnate Vertical axis represents total glutamate
release expressed as a percent of basehne value (100 0+ 9 0 pmol /mg
protein /5 min) Control release represents that induced by exposure
of shces to kainate alone (1 mM) Each bar represents the average of
eight experiments+S EM * Significantly lower than control value
(P <005

release by the antagonist At the three concentrations
used here, DNQX alone did not alter the baseline
release of glutamate (data not shown)

In subsequent tests, using the experimental proce-
dure employed 1n the DNQX experiments, the action
of picolimc acid (100 wM) on the kainate-stimulated
glutamate release was tested In the first part of these
experiments, the effect of picolimc acid alone on gluta-
mate release was investigated As shown in Fig 3,
when several doses of this agent were tested, a signifi-
cant increase 1n glutamate release — 35% above base-
line — was observed i the presence of 100 uM picoli-
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Fig 3 Effect of picolinic acid alone on the spontanecous release of

glutamic acid from striatal slices Vertical axis represents total re-

lease in the presence of picolinic acid expressed as a percent of

baseline value (94 0+ 16 0 pmol/mg protein/5 min) Each value 1s

an average of eight experiments+S EM * Significantly different
from release in the absence of picolinic acid (P < 0 05)
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nate In subsequent experiments, the effect of picoli-
nate on kaimnate-induced glutamate release was investi-
gated Picolinate produced a dose-related decrease in
the kamnate-induced response, with maximal inhibition
of 70% occurring at a concentration of 100 uM picoli-
nate (Fig 4) In previous experiments, other monocar-
boxylates have been found to share the anti-excitotoxic
action of picolinate’? To determine if their action 1s
also exerted on glutamate release, the effects of nico-
tinic and 1sonicotinic acid on the release of glutamate
were tested At a dose of 250 uM, both agents inhib-
ited the kainic-acid evoked release to the same extent
as did picohmic acid (Fig 4) Both agents also mim-
icked the stimulatory effect of picolinic acid alone on
glutamate release (data not shown)

The persistence of a picolinate-resistant component
of kamate-induced glutamate release (about 30% of
total release response) suggested that picolinic acid
may only be attenuating the calcium-dependent com-
ponent of release To determune the calcium-depen-
dent component of glutamate release, the action of
kainate was tested in the absence of external calcium
and the presence of EGTA In this part of the study,
the release protocol (Fig 1A) was modified to exclude
calcium 10ons from the superfusion medium After three
baseline collections 1n normal medium, the striatal
slices were exposed to calcium-free medium containing
EGTA (1 mM) This superfusion condition was main-
tamed until the end of the experiment As shown in
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Fig 4 Effect of pyridine monocarboxylates, picolinic (PIC), nicotinic
(NIC) and 1sonicotimc (ISONIC) acid, on the kainic acid (KA)-evoked
release of glutamic acid from rat striatal slices In release expen-
ments involving pyridine monocarboxylates, the agent under invest:-
gation was added to the superfusion medium 15 muin pre-kainate
exposure and maintained for 15 min post-kanate (see Fig 1) Verti-
cal axis represents total release of glutamate expressed as a percent
of baseline value (94 0+ 16 0 pmol/mg protein/5 min) Each value
represents an average of six experiments+SEM * Significantly
different from control release (evoked by 1 mM kainic acid) (P <
005)
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Fig 5 Action of picolinic acid (PIC) (100 M) on the kainate-evoked
release of glutamate (see Fig 1) from superfused stnatal slices in the
presence (1 3 mM) and absence of external calcum In experiments
involving omission of calcium, the slices were exposed to calcium-free
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collection and throughout the subsequent superfusion Vertical axis
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Fig 5, in the absence of external calcium the kamate-
evoked release was approximately 50% over baseline,
representing a 65% decrease 1n the kainate effect
obtained 1n the presence of calcium Picolinic acid did
not significantly alter kainic acid-evoked glutamate re-
lease 1n the absence of external calcium (Fig 5) Thus,
the ability of picolinate to mnhibit kainate-induced glu-
tamate release required the presence of calcium in the
superfusate

DISCUSSION

The present study, which examined the influence of
picolinic acid on kammic acid-induced glutamate release
from rat striatal shices, yielded four major observations
(a) kanic acid produced a Ca?*-dependent release of
glutamate, a response that was sensitive to the kai-
nate / AMPA receptor antagonist, DNQX, (b) picolinic
acid significantly attenuated the calcium-dependent,
but not Ca?*-independent, kainate-induced glutamate
release, (c) picolinic acid alone augmented the baseline
release of glutamate, and (d) the inhibitory action of
picolinic acid on evoked glutamate release was shared
by the other pyridine monocarboxylates nicotinic and
1sonicotinic acid

Since the mitial observation by Ferkany and Coyle’,
several studies have demonstrated that kammic acid
stimulates release of glutamate from slice preparations
of the striatum and other bramn regions>®!® A study by
Young ct al ' showed that kamnic acid also stimulates
glutamate release from the striatum in vivo The pre-



sent study on striatal slices demonstrated two compo-
nents of kainate action on glutamate release a cal-
cium-dependent component of release accounting for
approximately 70% of the total release induced by
kamnate, and a calcium-independent component ac-
counting for the remaimning 30% release The calcium-
dependent component most likely originates from ter-
minals of the glutamatergic neurons that project from
the cerebral cortex to the neostriatum!®> This possibil-
ity 1s suggested by the study of Young et al ' who
reported that following decortication kamic acid-
evoked glutamate release from the rat striatum was
reduced by approximately 60%, a value that closely
approximates the calcium-dependent release in this
study The kamate/ AMPA antagonist, DNQX, also
reduced the kamnate effect on glutamate release by
nearly 60% Thus, 1t appears from these findings that
the kaimnate-evoked calcium-dependent release of stri-
atal glutamate may originate largely from nerve termi-
nals, and that kamnate may act on a presynaptic recep-
tor to produce this release The origin of the calcium-
independent component of release 1s less clear This
release may originate from glutamatergic nerve termi-
nals via a cellular mechanism that does not require
calcium, possibly inhibition of glutamate reuptake, or 1t
may originate from non-neuronal elements such as
striatal glial cells

Picolinic acid produced a dose-related hibitory
effect of the kamate-evoked glutamate release from
striatal slices The magmtude of the maximal picolinate
effect was very similar to the mhibitory effect produced
by the absence of calcium n the superfusion medium
Under both conditions, approximately a two-thirds re-
duction of the total glutamate release evoked by kainic
acid was observed When the action of picolinic acid on
the calclum-independent release was examined, 1t failed
to mhibit this release It would appear from these
results that picolinic acid elimmated the component of
glutamate release that 1s calcium-dependent Thus, pi-
colimic acid may exert 1ts mnhibitory action on glutamate
release by mhibiting translocation of external calcium
1ons to the release mechanism However, this possibil-
ity remains to be tested 1n future experiments

An alternate possibility 1s that picolinic acid inter-
acts with an antagonist-sensitive site to mfluence the
kamnate-evoked glutamate release DNQX, an AMPA /
kainate receptor antagonist, produced inhibition of re-
lease comparable to that induced by a maximal dose of
picolinic acid, but this antagonist was less potent than
the pyridine monocarboxylic acid In other tissue mod-
els, however, the action of picolinic acid apparently
does not correspond to that of DNQX Thus, 1n elec-
trophysiological studies on hippocampal slices, DNQX
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very effectively blocks synaptically evoked excitatory
responses'?, but picolimic acid apparently exerts httle
influence on these responses'?> In view of this discrep-
ancy, a simple mteraction of picolinic acid with
DNQX-sensitive sites 1s unlikely to explain its in-
hibitory action on glutamate release observed in the
striatum

Although picolinic acid inhibited the evoked release
of glutamate, by itself it produced a weak stimulatory
action A statistically significant increase in release was
only apparent at one concentration of picolinic acid
The significance of this effect 1s presently unknown In
separate experiments, we observed that a dose of picol-
mate which induced a significant release of glutamate
from striatal shices did not influence high affinity gluta-
mate uptake by striatal synaptosomes (unpublished ob-
servations) The possibility that picolinic acid exerts its
stimulatory action, and indeed its mnhibitory action, on
kamate-evoked release by influencing the release of
another neurotransmitter or neuromodulator n the
striatum cannot be excluded Additional studies are
therefore needed to explore the mechanism of action
of picolinic acid

On the basis of a previous report? that picolinic acid
attenuates the excitotoxic action of only those agents
that require an intact glutamatergic afferent input, and
the present finding that this agent mhibits kainate-
evoked presynaptic release of glutamate, 1t 1s suggested
that picolinic acid attenuates excitotoxicity by depress-
ing glutamate release Its weak but discernable stimu-
latory action on baseline glutamate release may explain
its low potency and efficacy 1n excitotoxicity tests when
1ts neuroprotective action 1s compared with other tryp-
tophan metabolites such as kynuremic acid>® However,
other observations concerning picolinate tend to cast
some doubt on this explanation of the anti-neurotoxic
effect of picolinic actid Two pyndine monocarboxyl-
ates, nicotinic and 1sonicotinic acid, that were found to
exert differential effects on cholinergic excitotoxicity?,
did not exert a similar differential action on the excito-
toxin-evoked glutamate release in the present study
Additionally, while picolinic acid clearly attenuates
QUIN neurotoxicity, the role of glutamate release as a
contributory factor in this neurotoxicity 1s not clear!®
The evidence that QUIN induces a calcium-dependent
release of glutamate comparable to that induced by
kainate 1s not convincing, although a stimulatory effect
of QUIN on amino acid release from the cortex in vivo
has been demonstrated* Since both kainate and QUIN
have been found to induce glutamate release from
brain regions 1n vivo, 1t may be useful in future to test
the action and specificity of picolinic acid on this
release Such studies may reveal a better correlation
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between the actions of picolinic acid on transmitter
release and neurotoxicity
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