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from the striatum in vitro 

L. V r o o m a n  a K.  J h a m a n d a s  .,a R . J .  B o e g m a n  a, R J B e n l n g e r  b 

a Department of Pharmacology and Toxicology, Queen's University, Kingston, Ont, Canada K7L 3N6 
b Department of Psychology, Queen's Unwerszty, Kingston, Ont, Canada K7L 3N6 

(Accepted 15 June 1993) 

Key words Plcohnlc aod, Kalmc aod, Strlatum, Glutamate release 

Since plcohnlc acid, a tryptophan metabohte yielded by the kynurenlne pathway, selectively attenuates qulnohmc and kamlc acid excltotoxictty 
that ~s dependent on the presence of a glutamaterg~c afferent input, ~t was hypothesized that th~s agent may inhibit the presynaptlc release of 
glutamate Using superfused rat strmtal slices, this study examined the potentml of plcohnlc acid, and related pyrldlne monocarhoxyhc acids, to 
modify kalmc aod-mduced glutamate release Kalmc aod (0 25, 0 5 and 1 0 mM) stimulated the release of glutamate, an effect which was calcium 
dependent and was attenuated in the presence of the kamate/AMPA receptor antagomst, 6,7-dm~troqumoxalene-2,3-dlone (500/zM) PIcollnlC 
aod slgmficantly decreased glutamtc acid release evoked by exposure of strmtal shces to 1 mM kalnate in the presence of calcium The Inhibitory 
action of plcohmc acid on kamate-lnduced release was also shared by nicotinic and lsontcotlmC acid In the absence of external calcium, kalnlC 
aod-lnduced glutamate release was slgmficantly reduced by approximately 65% Under this condition, plcohnlc aod (100 p.M) faded to influence 
katmc actd-mduced release Plcohmc aod (100 p.M) itself mcreased glutamate release by 35% over basal release Whde the abdlty of plcohnlc 
aod to inhibit excltOtoxm-lnduced release supports the notion that It may act presynaptlcally to modify excltotoxlclty, lack of structural speclflOty 
m ~ts action tends to cast doubt on this mechanism of action 

INTRODUCTION 

Recent  studies have shown that certain products of 

t ryptophan metabolism via the kynurenme pathway can 
interact with excitatory amino acxd (EAA) receptors as 
agonists or antagonists I7 One such metabollte,  qumo- 

hnlc acid (QUIN),  a pyrldxne dlcarboxyhc acid, acti- 
vates N M D A  receptors to produce neuronal excita- 
tion 16 and excltotoxicity14 In contrast, another  metabo- 

hte, kynurenic acid, acts as an N M D A  and non -NMDA 
receptor  antagonist and can block QUIN-induced exci- 
tation or excltOtOXlClty 1'8 

A recent study lnvolwng evaluation of the antl-ex- 
citotorac potential of several kynurenlne pathway-de- 
rived metabohtes  showed that plcollnIC acid, a pyrldlne 
monocarboxylate, can at tenuate the neurotoxac action 
of Q U I N  on basal forebraln chohnerglc neurons 9 This 
antl-excitotoxac action of picohnlc acid ts unusual in 
that this t ryptophan metabohte  does not appear  to 
have a prominent  effect on synaptic excitation In 
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experiments on hlppocampal shces, Robinson et al ~2 
found that, unlike kynurenlc acid, plcohnlc acid was 
not very effectwe in blocking neuronal excitation drwen 

by synaptlc actwation Thus, plcohnic acid appears  to 
influence excltotox~c~ty w~thout significantly affecting 
excitation of neurons 

The mechamsm underlying the ant i -QUIN action of 
plcohnic acid is unknown A recent study 2 from this 
laboratory which evaluated the action of plcolimc acid 
against the neurotoxlc effects of several exototoxins 
revealed that this agent was only effective in attenuat- 
ing the effects of those excltotoxlns (QUIN and kainlc 
acid) which require the presence of intact glutamater- 
g~c afferents for the expression of their neurotoxic 
effects This observation led to the postulate that picol- 
inlc acid may exert its protective effect against the 
actions of certain excitotoxins through an interaction 
with the glutamatergIc afferent input at a presynaptic 
level 2 Previous studies have demonstrated that kamlc 
acid stimulates glutamatergic afferents and produces a 
calcium-dependent release of glutamate 346,719 Since 

glutamatergic deafferentat ton of certain brain areas 
blocks kainate neurotoxtcity in these areas, it has been 
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h y p o t h e s i z e d  t h a t  s y n a p t l c  r e l e a s e  o f  g l u t a m a t e ,  o r  a 

r e l a t e d  s u b s t a n c e ,  f r o m  g l u t a m a t e r g t c  a f f e r e n t s ,  c o n -  

t r J b u t e s  to  t h e  n e u r o t o x t c  a c t i o n  o f  t h t s  e x c t t o t o x i n  13 A 

s i m i l a r  a c t i o n  o f  Q U I N  h a s  a l so  b e e n  p o s t u l a t e d ,  al-  

t h o u g h  t h e  e v t d e n c e  fo r  a s t t m u l a t o r y  a c t i o n  o f  Q U I N  

o n  g l u t a m a t e  r e l e a s e  ts m u c h  less  t h a n  t h a t  fo r  

k a m a t e  45 In  v t ew  o f  t h e s e  o b s e r v a t i o n s ,  it w o u l d  ap -  

p e a r  t h a t  p t c o h n l c  ac id  m a y  a t t e n u a t e  k a m a t e  a n d  

Q U I N - m d u c e d  n e u r o t o x l c l t y  by  i n h i b i t i n g  t h e  p re sy -  

n a p t l c  r e l e a s e  o f  g l u t a m a t e  f r o m  n e r v e  t e r m i n a l s  T h e  

a c t i o n s  o f  p l c o h n t c  ac id  o n  t h i s  r e l e a s e  a r e  u n k n o w n  

T h e  p r e s e n t  s t u d y  w as  u n d e r t a k e n  to  d e t e r m m e  tf  

p l c o h n l c  ac id  a n d  c e r t a i n  s t r u c t u r a l l y  r e l a t e d  p y r t d m e  

m o n o c a r b o x y l a t e s  c a n  i n f l u e n c e  e x c l t o t o x m - e v o k e d  

g l u t a m a t e  r e l e a s e  T h i s  c o m m u n t c a t l o n  d e s c r i b e s  t h e  

a c t i o n  o f  k a m l c  ac id  o n  t h e  r e l e a s e  o f  e n d o g e n o u s  

g l u t a m a t e  f r o m  s l ices  o f  t h e  r a t  s t r l a t u m  a n d  t h e  e f f e c t  

o f  plcol lnlC ac id  a n d  r e l a t e d  a g e n t s  o n  t h i s  r e l e a s e  

M A T E R I A L S  A N D  M E T H O D S  

All release experiments were performed using male Sprague- 
Dawley rats (225-300 g), housed m a hght/dark environment (12 h 
hght, 12 h dark) at a constant temperature (20°C), and gwen full 
access to food and water The anamals were kdled by decapitation, 
the brain removed and rinsed m ice-cold Krebs' Ringer Ncarbonate 
(KRB) solution at pH 7 4 Dissection of the stnatal region was 
carried out m a cold room (4°C) The bram was placed, ventral 
surface upward, m a caudal to rostral dlssechon, on a KRB-soaked 
filter paper restmg on a cold surface A plexlglass, two-blade holder 
was placed on the brain such that the rear blade was posmoned 
~mmed~ately rostral to the optic chmsm Using the holder, a 4-mm 
coronal tissue sechon was prepared The dissected tissue slab was 
laid flat with rostral surface facing down, and strmtum from both 
sides was carefully removed using a mlcrodlssectton knife The 
strlata were rapidly transferred to a moistened filter paper restmg on 
the orcular stage of a Mcllwam tissue chopper Using this chopper, 
300-/.Lm-thtck sag~ttal shces of the strmtum were prepared and trans- 
ferred to a glass petn dish containing ice-cold KRB solution The 
shces prepared from strlata of two rats were pooled and transferred 
to four chambers of a superfuslon apparatus Each chamber (0 5 ml 
volume) was maintained at 37°C by orculatlng water through a jacket 
surrounding the chamber The tissues were placed on a polypropy- 
lene mesh screen m each chamber and superfused with oxygenated 
KRB solution (mamtamed at 37°C) using a flow rate of 0 3 ml /mm 

Following a 1 5-h superfuslon period to eqmhbrate tissues, a 
speofic experimental protocol was followed to investigate (a) base- 
hne and shmulus-evoked glutamate release, (b) calcmm dependence 
ol evoked release, and (c) release of glutamate m the presence of 
speofic agents under study Detads of mdwldual experiments are 
provided tn the following sechon (see Results) Samples of super- 
fusate were collected at 5-mm intervals and reserved for the eshma- 
tlon of glutamate levels 

Quantttatton of glutamate was camed out by reverse-phase high- 
performance hqmd chromatography (HPLC) usmg an automated 
Shlmadzu system The analysis revolved pre-column derwahzatlon of 
the amino aod with O-phthaldehyde (OPA) and /3-mercaptoethanol 
at pH 10 4 to form fluorescent lsomdole derwatwe, separatton on a 
octadecylsdane reverse-phase column (Supelcosd LC-18, 4 6 mm 
t d × 150 mm length, 5 tzm particle size, Supelco, Oakvflle, Ontario, 
Canada), and detechon of the fluorescence measurement The mo- 
bde phase for HPLC, comprised of 50 t.tM aqueous sodmm acetate/  
methanol (72/28 v/v)  at pH 7 5, pumped through the column at a 
flow rate of 3 0 ml /mm The detection of the ammo aod derwatwe 

was carried out using an excttatton and omission wavelength of 345 
and 470 nm, respectwely The peak areas of the chromatographic 
s~gnals were mtegrated and used to calculate the concentration of 
ammo actd Aqueous working standards and three water blanks were 
analyzed wath each set of superfusate samples The concentration of 
glutamate in each experimental sample was calculated from the 
respectwe standard curve (see below) 

At the end of superfuslon the shces were removed from the 
chamber, and protein content m the homogenate determined by the 
method of Lowry et al i1 

The release of glutamate from shces was calculated as pmol/mg 
protein/5 man The results of experiments mvolwng evoked release 
were expressed as percent over basehne release This value was 
calculated as follows 

% Over basehne release 

Total stimulated re lease-  baseline release 
= × 100 

Baselane release 

The basehne release refers to the average release m three collecuon 
periods lmmedmtely preceding the apphcahon of the stimulating 
agent The shmulated release refers to the total release occurring 
above the basehne value 

Drugs and chemwals 
Kmmc actd, pacollmc acad, asomcotmtc acid, mcohmc aod, 6,7-dl- 

nltroqumoxalene-2,3-dmne (DNQX), O-phthaldehyde, and /3- 
mercaptoethanol were all obtained from Sigma Chemical Co (St 
Lores, Missouri, USA) Analyhcal grade methanol and sodmm ac- 
etate were obtained from Canlab (Toronto, Ontario, Canada) and 
Ftsher Soentfflc (Canada), respectwely All solutmns and buffers 
were freshly prepared using demnlzed water 

Statsstwal analysts 
Data were compared using a one-way analysis of varmnce 

(ANOVA) followed by a Newman-Keuls test, or a Student's t-test 

R E S U L T S  

Effect o f  kamate on glutamate release 

T h e  e f f e c t  o f  k a m a t e  o n  t h e  r e l e a s e  o f  g l u t a m a t e  

f r o m  s t r t a t a l  s l ices  a r e  s h o w n  in  F ig  1 A  W h e n  t i s s u e  

s l ices  w e r e  e x p o s e d  to  k a m t c  ac id  (1 m M )  fo r  a 5 - m m  

p e r i o d ,  t h e r e  was  a n  t m m e d i a t e  i n c r e a s e  m t h e  r e l e a s e  

o f  g l u t a m a t e  T h e  r e l e a s e  e v o k e d  by  k a l n a t e  g r a d u a l l y  

r e t u r n e d  to  t h e  o r i g i n a l  b a s e h n e  leve l  o v e r  t h e  fo l low-  

m g  3 0 - m i n  s u p e r f u s t o n  p e r i o d  F ig  1B i l l u s t r a t e s  t h e  

d o s e - r e s p o n s e  r e l a t t o n s h t p  fo r  t h e  s t i m u l a t o r y  a c t i o n  

o f  k a i n t c  ac id  o n  g l u t a m a t e  r e l e a s e  A n  i n c r e a s e  m t h e  

r e l e a s e  o f  g l u t a m a t e  was  a p p a r e n t  a t  0 25 m M  k a l n a t e  

c o n c e n t r a t i o n  a n d  a m a x i m a l  i n c r e a s e  in  r e l e a s e  ( 2 0 0 %  

a b o v e  b a s e h n e )  w a s  o b s e r v e d  a t  1 m M  k a m a t e  A 

h i g h e r  c o n c e n t r a t i o n  o f  k a l n a t e  a l so  i n d u c e d  r e l e a s e ,  

b u t  t h e  r e c o v e r y  to  p r e - k a i n a t e  b a s e h n e  leve l s  was  

i n c o n s i s t e n t  ( d a t a  n o t  s h o w n )  

T o  d e t e r m i n e  t f  t h e  s t l m u l a t o r y  e f f e c t  o n  k a l n a t e  

i n v o l v e d  a c t w a t l o n  o f  E A A  r e c e p t o r s ,  t h e  a c t i o n  o f  

D N Q X  (100,  250  a n d  500  IzM),  a k a l n a t e / A M P A  

r e c e p t o r  a n t a g o n i s t ,  o n  t h i s  r e l e a s e  w a s  t e s t e d  I n  t h e s e  

a n d  s u b s e q u e n t  e x p e r i m e n t s ,  t h e  r e l e a s e  p r o t o c o l  u s e d  

to  s t u d y  k a i n a t e  e f f e c t  (F ig  1A)  w a s  s h g h t l y  m o d t f l e d  
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F~g 1 A representative experiment showing the action of kamlc 
acid on endogenous glutamate release from rat strtatal 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-mm periods Shces were exposed to Krebs' 
bicarbonate containing kalnlC acid (1 mM) during the period desig- 
nated by crossed bars B effect of different concentrations of kainlc 
acid on the release of glutamate from rat strlatal shces The vertical 
ax~s represents the total release of glutamate expressed as a percent 
of baseline value The baseline release (128 1_+ 17 0 pmol /mg pro- 
teln/5 mm) represents average release during the SEX collection 
periods preceding exposure to kalnate (see panel A) Each point 
represents an average of 10 experiments _+S E M * Slgmficantly 

above baseline (P < 0 05) 

After three basehne sample collections, the tissues 
were superfused with a medium containing a fLxed 
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 
experiments with DNQX At the two lower concentra- 
tions (100 and 250/~M), DNQX appeared to attenuate 
the kalnate-stlmulated glutamate release, but this ef- 
fect was not statistically significant (P  > 0 05) How- 
ever, at a higher dose (500 /xM), the antagonist pro- 
duced a significant inhibition of the kalnate effect In 
the presence of this concentration ot DNQX, the 
kalnate-evoked release was only about 25% above 
baseline release, representing a 75% inhibition of this 

195 

125 

LU 
m uJ 100 
~: Z 
ILl 
I.u 

w m 

50 

(.9 25 

] T 

CONTROL 100 250 
DNQX (/JM) 

500 

Fig 2 Effect of the kalnate/AMPA receptor antagonist, 6,7-dl- 
nltroqulnoxalene-2,3-dlone (DNQX), on stnatal glutamate release 
reduced by 1 mM kamate Vertical axis represents total glutamate 
release expressed as a percent of baseline value (100 0 + 9 0 pmol /mg 
protein/5 mln) Control release represents that reduced by exposure 
of slices to kamate alone (1 mM) Each bar represents the average of 
eight experIments+S E M * Significantly lower than control value 

( e  < 0 05) 

release by the antagomst 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 m the DNQX experiments, the action 
of plcohnic acid (100 /zM) on the kainate-stlmulated 
glutamate release was tested In the first part of these 
experiments, the effect of plcohnlc 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 in glutamate release - 35% above base- 
hne - was observed in the presence of 100/zM plcoh- 
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Fig 3 Effect of picohnlc acid alone on the spontaneous release of 
glutamlc acid from striatal slices Vertical axis represents total re- 
lease In the presence of picolinlc acid expressed as a percent of 
baseline value (940_+ 16 0 pmol /mg protein/5 mln) Each value Is 
an average of eight experlments_+S E M * Sigmflcantly different 

from release in the absence of plcohmc acid (P < 0 05) 
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nate In subsequent experiments, the effect of plcoh- 
nate on kalnate-lnduced glutamate release was investi- 
gated Plcolmate produced a dose-related decrease in 
the kalnate-lnduced response, with maximal inhtbltlOn 
of 70% occurring at a concentration of 100/xM picoll- 
hate (Fig 4) In previous experiments, other monocar- 
boxylates have been found to share the antl-excltotoxlc 
action of plcohnate 2 To determine if thetr action is 
also exerted on glutamate release, the effects of nico- 
tinic and lSOnlCotlnic acid on the release of glutamate 
were tested At a dose of 250 /zM, both agents inhib- 
ited the kalnlc-acid evoked release to the same extent 
as did plcohnlc acid (Fig 4) Both agents also mim- 
icked the stimulatory effect of plcohnlc acid alone on 
glutamate release (data not shown) 

The persistence of a plcohnate-resistant component 
of kalnate-lnduced glutamate release (about 30% of 
total release response) suggested that picohntc acid 
may only be attenuating the calcium-dependent com- 
ponent of release To determine the calcium-depen- 
dent component of glutamate release, the action of 
kalnate was tested in the absence of external calcium 
and the presence of E G T A  In this part of the study, 
the release protocol (Fig 1A) was modified to exclude 
calcium Ions from the superfuslon medium After three 
baseline collections in normal medium, the strlatal 
slices were exposed to calcium-free medium containing 
EGTA (1 mM) This superfusion condition was mam- 
tamed until the end of the experiment As shown in 
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Fig 4 Effect of  pyridine monocarboxylates, picohnlc (PIC), nicotinic 
(NIC) and isomcotimc (ISONIC) acid, on the kainlc acid (KA)-evoked 
release of glutamic acid from rat s tnatal  slices In release experi- 
ments  revolving pyridine monocarboxylates, the agent under  investi- 
gation was added to the superfusion medium 15 min pre-kainate 
exposure and maintained for 15 mm post-kalnate (see Fig 1) Verti- 
cal axis represents  total release of glutamate expressed as a percent  
of  baseline value (94 0+_ 16 0 p m o l / m g  pro te in /5  mln) Each value 
represents an average of stx experiments_+S E M * Significantly 

different from control release (evoked by 1 m M  kalmc acid) (P  < 
o 05) 
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Fig 5 Action of plcohnlc acid (PIC) (100/~M) on the kalnate-evoked 
release of glutamate (see Fig l) from superfused striatal slices in the 
presence (1 3 mM) and absence of external calcium In experiments 
involving omission of calcium, the slices were exposed to calcium-free 
medium containing 1 mM E G T A  for 30 rain prior to the start of 
collection and throughout  the subsequent  superfusion Vertical axis 
represents  total release expressed as a percent of  basehne glutamate 
release (124 6 + 6 0 p m o l / m g  pro te in /5  mm) Each value represents  
an average of 12 experiments + S E M * Significantly different from 

control release (evoked by 1 m M  kalmc acid) 

Fig 5, in the absence of external calcium the kalnate- 
evoked release was approximately 50% over baseline, 
representmg a 65% decrease in the kalnate effect 
obtained in the presence of calcium Plcohnic acid did 
not significantly alter kalnlC acid-evoked glutamate re- 
lease in the absence of external calcium (Fig 5) Thus, 
the ability of picohnate to inhibit kainate-mduced glu- 
tamate release required the presence of calcium in the 
superfusate 

DISCUSSION 

The present study, which examined the influence of 
picollnic acid on kamic acid-induced glutamate release 
from rat strlatal shces, yielded four major observations 
(a) kalnlC acid produced a Ca2+-dependent release of 
glutamate, a response that was sensitive to the kal- 
n a t e / A M P A  receptor antagonist, DNQX, (b) plcohnlc 
acid significantly attenuated the calcium-dependent, 
but not CaE+-lndependent, kalnate-mduced glutamate 
release, (c) ptcohnlc acid alone augmented the baseline 
release of glutamate, and (d) the inhibitory action of 
plcohnIc acid on evoked glutamate release was shared 
by the other pyridlne monocarboxylates nicotinic and 
lSOmcotmlc acid 

Since the mltlal observatton by Ferkany and Coyle 7, 
several studies have demonstrated that kainlc acld 
stimulates release of glutamate from slice preparations 
of the strlatum and other brain regions 3'6'19 A study by 
Young et al 19 showed that kamlc acid also stimulates 
glutamate release from the striatum in VlVO The pre- 



sent study on strlatal shces demonstrated two compo- 

nents of kalnate action on glutamate release a cal- 
cram-dependent component of release accounting for 
approximately 70% of the total release induced by 
kainate, and a calcium-independent component ac- 
counting for the remaining 30% release The calcium- 
dependent  component most likely originates from ter- 
minals of the glutamaterg~c neurons that project from 
the cerebral cortex to the neostrmtum 15 This possibil- 
ity is suggested by the study of Young et al 19 who 

reported that following decorticatlon kamlc acid- 
evoked glutamate release from the rat strlatum was 
reduced by approxtmately 60%, a value that closely 
approximates the calcmm-dependent release In this 
study The k a i n a t e / A M P A  antagonist, DNQX, also 
reduced the kainate effect on glutamate release by 
nearly 60% Thus, it appears from these findings that 
the kainate-evoked calcium-dependent release of strl- 
atal glutamate may originate largely from nerve termi- 
nals, and that kainate may act on a presynaptic recep- 
tor to produce this release The origin of the calcmm- 
independent component of release is less clear This 
release may originate from glutamaterglc nerve termi- 
nals via a cellular mechanism that does not require 
calcium, possibly inhibition of glutamate reuptake, or it 
may originate from non-neuronal elements such as 
strlatal ghal cells 

Plcollnlc acid produced a dose-related inhibitory 
effect of the kalnate-evoked glutamate release from 
striatal slices The magnitude of the maximal plcohnate 
effect was very similar to the inhibitory effect produced 
by the absence of calcium in the superfuslon medium 
Under  both conditions, approximately a two-thirds re- 
duction of the total glutamate release evoked by kaimc 
acid was observed When the action of picohnic acid on 
the calcium-independent release was examined, it failed 
to inhibit this release It would appear from these 
results that picohnlc acid eliminated the component of 
glutamate release that is calcium-dependent Thus, pi- 
collnic a o d  may exert its inhibitory action on glutamate 
release by Inhibiting translocatlon of external calcium 
ions to the release mechanism However, this possibil- 
ity remains to be tested in future experiments 

An alternate possibility is that picohnlc acid inter- 
acts with an antagomst-sensltwe site to influence the 
kamate-evoked glutamate release DNQX, an A M P A /  
kalnate receptor antagonist, produced inhibmon of re- 
lease comparable to that induced by a maximal dose of 
plcohnlc acid, but this antagonist was less potent than 
the pyrldine monocarboxyhc acid In other t~ssue mod- 
els, however, the action of plcolinlc acid apparently 
does not correspond to that of DNQX Thus, in elec- 
trophyslologlcal studies on hlppocampal shces, DNQX 
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very effectwely blocks synaptlcally evoked exotatory 
responses ~°, but picohnlc acid apparently exerts httle 
influence on these responses ~2 In view of this discrep- 
ancy, a simple interaction of picolimc acid w~th 
DNQX-sensltwe sites is unlikely to explain its in- 
hibitory action on glutamate release observed m the 
striatum 

Although picohnlc acid inhibited the evoked release 
of glutamate, by itself it produced a weak stlmulatory 
action A statistically significant increase in release was 
only apparent at one concentration of plcohnic aod  
The significance of this effect is presently unknown In 
separate experiments, we observed that a dose of p~col- 
mate which induced a significant release of glutamate 
from striatal slices did not influence high affinity gluta- 
mate uptake by strlatal synaptosomes (unpublished ob- 
servations) The posslbihty that plcolimc acid exerts its 
st~mulatory action, and indeed its inhibitory action, on 
kamate-evoked release by influencing the release of 
another neurotransmltter or neuromodulator  in the 
stnatum cannot be excluded Additional studies are 
therefore needed to explore the mechamsm of action 
of picohnlc acid 

On the basis of a previous report z that p~collnlC acid 
attenuates the excitotoxIc action of only those agents 
that require an intact glutamaterg~c afferent input, and 
the present finding that this agent inhibits kamate- 
evoked presynapt~c release of glutamate, it ~s suggested 
that picohnic acid attenuates excitotox~oty by depress- 
lng glutamate release Its weak but dlscernable st~mu- 
latory action on basehne glutamate release may explain 
its low potency and efficacy in excitotox~c~ty tests when 
its neuroprotectwe action ~s compared with other tryp- 
tophan metabohtes such as kynurenic acid 2'9 However, 

other observations concerning picohnate tend to cast 
some doubt on this explanation of the anti-neurotox~c 
effect of picollmc acid Two pyrldine monocarboxyl- 
ates, nlcotmlc and ISOmCOtmlC acid, that were found to 
exert differential effects on cholinerglc exc~totoxlcity 2, 
did not exert a similar dlfferentml action on the excito- 
toxin-evoked glutamate release in the present study 
Additionally, while plcolinlc acid clearly attenuates 
QUIN neurotoxloty, the role of glutamate release as a 
contributory factor in this neurotoxloty is not clear TM 

The evidence that QUIN induces a calcium-dependent 
release of glutamate comparable to that induced by 
kalnate is not convincing, although a stlmulatory effect 
of QUIN on amino acid release from the cortex in vivo 
has been demonstrated 4 Since both kamate and QUIN 
have been found to induce glutamate release from 
brain regions in VlVO, It may be useful in future to test 
the action and specificity of picollnlC acid on this 
release Such studies may reveal a better correlation 
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