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Abstract

This study evaluated the role of glutamate ionotropic receptors on the contféi]atptylcholine (fHJACh) release by the intrinsic stri-
atal cholinergic cells.3H]-choline previously taken up by chopped striatal tissue and convertédl}aCh, was released under stimulation
by glutamateN-methylp-aspartate (NMDA), kainate and a-amino-3-hydroxy-5-methylisoxazole-4-propionic acid (AMPA). Experiments
were conducted in the absence of choline uptake inhibitors or acetylcholinesterase inhibitors. A paradigm of two stimulations was employed,
the firstin control conditions and the second after 9 min of perfusion with the test agents MK-801, 2-amino-5-phosphonopentanoic acid (AP-5),
tetrodotoxin (TTX), 6,7-dinitroquinoxaline-2,3-dione (DNQX), 2,3-dioxo-6-nitro-1,2,3,4-tetrahydrobenzo-[flquinoxaline-7-sulfonamide
(NBQX), glycine and magnesium. Our results support that (1) in the absence?f M¥IDA is the most effective agonist to stimulate
[BH]ACh release from striatal slices (2) magnesium effectively antagonized kainate and AMPA stimulation suggesting that at least part of the
kainate and AMPA effects might be attributed to glutamate release (3) besides NMDA, kainate receptors showed a more direct involvement
in [H]JACh release control based on the smaller dependence 6éh 8yl less inhibition by TTX and (4) stimulation of ionotropic glutamate
receptors may induce long lasting biochemical changes in receptor/ion channel function since the effects of TTX &hdsmshg fH]ACh
release were modified by previous exposure of the tissue to agonists.
© 2004 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.
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1. Introduction on acetylcholine release is essential for the understanding
of therapeutic management of motor disorders involv-
The corticostriatal and thalamostriatal glutamate projec- ing the extrapyramidal system. While cortical afferents
tions are important players in the extrapyramidal motor synapse mainly onto principal GABAergic projection neu-
system and a better understanding of glutamate controlrons, thalamic afferents tend to synapse on the large as-
piny cholinergic neurons.@pper and Bolam, 1992Large
aspiny striatal neurons are thought to be the choliner-

p-aspartate; AMPA, a-amino-3-hydroxy-5-methylisoxazole-4-propionic gic intemeuron give.n. to their choline acetyl transferase
acid; AP—5: Z—amin,0—5—phosph0nopentan0ic acid; DNQX, 6,7-dinitro- (CAT)_ !mmunoreactlvny Shephgrd, 1998 These, Ce”_s

quinoxaline-2,3-dione; NBQX, 2,3-dioxo-6-nitro-1,2,3,4-tetrahydrobenzo- are difficult to study by conventional electrophysiological
[flquinoxaline-7-sulfonamide; CNQX, 6-cyano-7-nitroquinoxaline-2,3- methods because they are relatively rare (only 2% of the
dione; TTX, tetrodotoxin; MK-801, dizocilpine maleate or (5R,10$)~( neurons in striatum), small and should be identified by
5-methyl-10,11-dihydro-5H-dibenzofa,d]cyclohepten-5,10-imine  hydro- - nayrochemical markers after electrophysiological evalua-

Abbreviations: [3H]ACh, [3H] acetylcholine; NMDA, N-methyl-

gen maleate tion. Therefore, in vitro acetylcholine release assay seems
* Corresponding author. Tel#55-11-3726-7222x2118; : s . Yy Yy

fax: +55-11-37267222x2133. to be a practical and reliable method to evaluate the role
E-mail address: Itronc@usp.br (L.R.P. Troncone). of afferent projections that rely on the striatal cholinergic
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neuron. In addition, the in vitro release procedure is partic- Troncone et al., 1995 Briefly, in each experiment three
ularly suitable to describe local effects of drugs avoiding adult male Wistar rats were killed by decapitation and the
diffusional barriers and feedback loops present in whole striata were dissected and placed in ice-cold Krebs—Ringer
animal microdialysis experiments. Chopped striatal tissue bicarbonate buffer (KRB) with the following composition:
preserves the local cellular organization allowing for the NaCl (118 mM), NaHCQ (25 mM), KCI (4.8 mM), CaCGl
study of afferent synapses onto cholinergic cells. Our ex- (1.2 mM), KH,POy (1.2 mM), and glucose (10 mM), pH 7.3
periments were performed without cholinesterase inhibitors and constant gassing with G@, was maintained through-
or choline uptake inhibitors that are usually employed in out the experiment. Striatal tissue was then chopped twice
such studies. Although several studies have approachedn a Mcllwain tissue shopper set to cut at 36 to form
some aspects of glutamate-stimulated acetylcholine re-prisms. Chopped tissue was pooled, dispersed with a pipette
lease, only a few papers explored systematically the spe-and washed twice in 20 ml ice-cold KRB and transferred to
cific role of ionotropic glutamate receptors in this process a beaker containing 3 ml KRB with 0.0%M of [3H]methyl
(Cepeda et al., 2001; Jin, 1997; Jin and Fredholm, 1994, choline and maintained at 3T for 20 min to allow for
1997. This paper reports the results of experiments on the uptake. Tissue was then filtered and washed twice with
the release of tritium-labeled acetylcholine derived from normal ice cold KRB and distributed in 10 superfusion
previous incubation with3H]-choline, stimulated by gluta-  chambers with internal volume of 0.25ml. Superfusion
mate and selective agonidtsmethyl-n-aspartate (NMDA), was performed at a rate of 0.25 ml/min with a 10 channel
a-amino-3-hydroxy-5-methylisoxazole-4-propionic acid peristaltic pump, during 60 min in order to achieve a stable
(AMPA) and kainate. The roles of other important agents baseline of HJACh release. After this time, three succes-
as glycine and the antagonists magnesium, MK-801, sive baseline samples were collected from each chamber at
2-amino-5-phosphonopentanoic acid (AP-5), 6,7-dinitroqui- 3-min intervals with an adapted custom-made sample col-
noxaline-2,3-dione  (DNQX), 2,3-dioxo-6-nitro-1,2,3,4- lector. Superfusion with stimulating agent followed in the
tetrahydro-benzo[flquinoxaline-7-sulfonamide (NBQX) as fourth interval and lasted 2 min. A second identical stimulus
well as tetrodotoxin (TTX), a sodium channel blocker, were was performed in the 11th interval and six more samples
studied. The potency of the agonists was established andwere collected afterwards. In the 18th interval, tissue was
sub maximal concentrations were employed to evaluate theperfused with 0.1 M HCI for two periods of 3 min to induce
effect of antagonists and glycine. release of the total amount ofH]ACh still present in the
Preliminary experiments in the presence of magne- tissue.
sium showed that radioactivity released by potassium up Superfusion with antagonists was started in the eighth
to 20mM is completely calcium-dependent (results not interval and was maintained until the 14th interval in the
shown). Other studies have demonstrated the corresponexperimental samples. Mg3Q.2 mM was used in specific
dence between total tritium outflow an@H]JACh release, experiments as described below. Results are expressed as
total radioactivity representing mostly labeled choline de- fractional release, i.e. percent ofH]neurotransmitter re-
rived from calcium-dependent releaseédholm, 1990a;b leased over the total contained in the tissue at the time of
Richardson and Szerb, 1974 release. The effects of drugs were evaluated initially by the
fractional release profile compared to the control sample
profile and afterwards by comparing the value8gB; and
$/S (B, stands for basal release here named “spontaneous”
for practical purposes}, is the release obtained by stimula-
tion in control conditions an8 is the stimulated release ob-
MK-801, N-methylp-aspartate and kainate were from tained in the presence of antagonists. Spontaneous releases
RBI-Sigma, USA; 2-amino-5-phosphonopentanoic acid, in the presence of antagonig,{ and control spontaneous
tetrodotoxin, 6,7-dinitroquinoxaline-2,3-dione, a-amino-3- release®;) were used to evaluate the effects of antagonists
hydroxy-5-methylisoxazole-4-propionic acid, 2,3-dioxo-6- ON Spontaneous release using BB, ratio. S, is calcu-
nitro-1,2,3,4-tetrahydrobenzo[flquinoxaline-7-sulfonamide Iaf[ed su_btractmgB,, from the total release obtained under
were from Tocris; UK, glycine and glutamate were from Stimulation.By corr_espon_dsto the mean of the.three samples
Sigma. PH]methyl choline (specific activity 3.3 PBg/mol)  that preceded; stimulation and the last fractional release
was from New England Nuclear (USA). All other reagents PeforeS; was considered #. Radioactivity was measured
were of analytical grade. The concentrations of antago- Py Scintillation spectrometry corrected by external stan-
nists were based on literature data from similar in vitro dard counting performed in a Beckman 6500 scintillation

2. Methods

2.1. Drugs and reagents

experiments. counter and standard toluene, triton, 2,5-diphenyloxazole
(PPO) and 1,4-bis[5-phenyl-2-oxazolil]-benzene (POPOP)
2.2. Release experiments cocktail.

Experimental protocols were submitted to the ethical com-
Labeled neurotransmitter release experiments were car-mittee for the use of experimental animals of the Butantan
ried out as described elsewher€afmillo et al., 2001; Institute and found in agreement to the rules of the Brazilian
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college of animal experimentation (protocol number: 068/ 2 49 Glutamate
2002). - NMDA

£ § e Kainate
2.3. Satistics @ £ 27 + AMPA
.QMI
- . 2 < 11
Statistical analysis employed ANOVA followed by 8 °
Dunnet’s test to compare antagonist treated samples to a ‘\2 0
control group. A value ofP < 0.05 was assumed for sig- .
nificance limit. Statistical analysis was performed with the 107 10 105  10¢ 10° 102 10

software GraphPad Prism. E§&values were obtained fitting [Agonist] M
the values to a sigmoidal dose—response curve with variable 5 Effect of , he rel i choline atal
slope, identical to the four-parameter logistic equation (top, Fig. 2. Effect of agonists on the release dlacetylcholine from striata

chopped tissue superfused in Krebs—Ringer-bicarbonate buffer without
bottom, log EGo, and slope). Values of 4 were also ob- magnesium. Error bars represent S.E.M. of 2—13 values per point. Values

tained and equivalence between thesg®f the agonists  of R? were 0.95, 0.89, 0.89, and 0.96 for glutamate, NMDA, kainate, and
was evaluated considering the overlap between averages oAMPA, respectively.

Clgs + 20% and respective errors, as described elsewhere

(Sigle et al., 2008 was 239 + 0.57% for 500uM glutamate; 341 + 0.61%
for 100nM NMDA; 1.89+ 0.21% for 300.M kainate and
1.47+0.28% for 100Qu.M AMPA. Concentration—-response

3. Results curves are presented ffig. 2 AMPA was the least effective
releaser with an E£p of about 1134uM (Clgs = 7125 to
1805u.M) while glutamate and kainate had similar &gof
287pM (Clgs = 2012 to 409.5.M) and 299uM (Clgs =

These experiments aimed at determining whether glu- 1906 to 471.2.M), respectively, although equipotence
tamate, NMDA, kainate, and AMPA were capable of cannot be assumed with an error probability below 5%, as
stimulating PH]ACh release from striatal tissue and estab- described above in statistics. NMDA was the most potent
lish a submaximal concentration of each agonist for the releaser with Egy of 33uM (Clgs = 15.7 to 67.8uM).
subsequent studies employing antagonists. For illustrative[*H]acetylcholine release became very unstable in the ab-
purposesig. 1depicts a typical experiment and the samples sence of C&" and Mg* rendering impossible to assess
used to calculatBy, B, S; andS, as well as the perfusion  the calcium-dependence of the release.
of experimental drugs/conditions. A stable spontaneous re-
lease of fHJACh was attained after 40 min of superfusion. 3.2. Effect of antagonists on glutamate-stimulated
After 60 min of superfusion, the amount of labeled trans- ACh release
mitter released in 3 min corresponded t09+ 0.15% (av-
erage+S.D.) of the total radioactivity present in the sample  In order to confirm the pharmacological identity of the
(fractional release). Under stimulation fractional release receptors involved, the following series of experiments was

3.1. Agonist-stimulated release of ACh
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Fig. 1. Typical profile obtained in experiments of labeled neurotransmitter release from striatal chopped tissue. Two stimulations producetsby agon

(in this case glutamate 5QMM, black line) at sample 4 and 11 are depicted and the experimental samples (gray line) were perfused with KRB plus
magnesium from sample 8-15. Lines are the average of two samples perfused in identical conditions. The delay in the elution of radioactive samples
was calibrated such that most of the radioactivity released during the stimulation in sample 4 could be collected in sample 5 and so forth. Bitackets poi
the S and S in the control samples, while a bracket and an arrow point the values used to caRulatel B, respectively. In experimental samples,

the equivalent points were used.
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performed. To study the effects of antagonists #A]ACh 4. Discussion
release stimulated by agonists, the following sub maximal
concentrations were chosen based on the curves above: The absence of cholinesterase inhibitors and choline up-
glutamate (50@umol/l), NMDA (100pmol/l), kainate take blockers allowed us to evaluate tf&{JACh release
(300pmol/l), and AMPA (100Q.mol/l). process in a more physiological condition. It is well estab-
wWhen g|utamate was emp'oyed as Stimu'ating agent' mag_lished that after release, the inactivation of acetylcholine
nesium, TTX, and AP-5 significantly reduced both spon- iS made mostly by enzymatic breakdown and that the up-
taneous and stimulated releases. Glycine had no effect orfake process is also very important in removing choline
[3H]Ach release in the concentration Of.LM from the SynaptiC cleft. The Eﬁ values for the gluta'
mate agonists calculated from our data are in agreement
3.3. Effect of antagonists on NMDA-stimulated with those obtained by other authotGgpeda et al., 2001;
ACh release Jin, 1997; Jin and Fredholm, 1994, 199Eventually, the
absence of these drugs allowed for the detection of mod-

When NMDA was used as stimulating agent, magnesium ifications in magnesium and TTX sensitivity as discussed
TTX, AP-5 and MK-801 reduced stimulated release but only below. Using_ ele(_:tr_ically evoked release and in the pres-
magnesium, TTX and MK-801 affected spontaneous release M¢€ of hemicholinium-3, TTX was capable of completely

Glycine had no effect on spontaneous or NMDA-stimulated abo;ish NMDA'Z AMPA." and glutamate—stimulated. re!efise
[3H]ACh release. of [°H]ACh, kainate-stimulated release was not inhibited

while 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX) com-
i i i pletely abolished AMPA- and kainate-stimulated release of
3.4. Effect of antagonisis on kainate-stimulated [BHJACh (Jin and Fredholm, 1994Also, the experiments
ACh release performed by these authors employed a double-labeling
protocol in which both dopamine and ACh releases were

TTV)\(/hen dkz;igaée dwas use((jj as stirlnuIa:jtingl agen';; mag”eSi“massayed simultaneously and they observed that TTX also
d ' ag ) ecreas<|a St'mélat? rﬁ ejlse ;th only TTX blocked completely the release of dopamine, demonstrat-
reduced spontaneous release. Glycine had no eflect on Spong,y that depolarization is involved in this process but

taneous or kainate-stimulatetHJACh release. the authors stress that no conclusion may be drawn from
their data about the sub cellular location of the receptors
3.5. Effect of antagonists on AMPA-stimulated since synaptosomal preparations were susceptible to TTX
ACh release blockade as well. Since we used agonists of ionotropic
glutamate receptors as stimulus, our results seem to be

When AMPA was used as stimulating agent magnesium, more suitable for speculations on sub cellular receptor
TTX, DNQX, and NBQX were used as antagonists and all |ocation.

four reduced the stimulatedHJACh release. Again, only The addition of 1.2mM magnesium to the perfusion
TTX reduced spontaneous release. medium almost eliminated glutamate- and NMDA-stimu-
lated PHJACh release. A significant reduction in spon-
3.6. Effects of TTX and Mg?" on spontaneous and taneous release was observed only in these experiments
agonist-stimulated ACh release suggesting that other regulatory mechanisms may be in-

volved. Hence, M§" ions also inhibited in different de-

Comparing theS/S; values, TTX significantly reduced  grees the release stimulated by kainate and AMPA, as can
glutamate-stimulated release by 31%, NMDA by 64%, be observed imable 1 As mentioned irSection 3 Mg?+
kainate by 60%, and AMPA by 76%. It is worth mentioning Wwas ineffective in reducing spontaneod${JACh release
that B, represents the effect of drugs (TTX, Kfg and oth- when striatal tissue was subjected to a previous stimulation
ers) on a recently stimulated tissue. CompaBpiB; values by kainate or AMPA. Distinct biochemical changes in the
in TTX experiments, spontaneous release was also reducedelease machinery may take place after NMDA, kainate or
by 42% in the experiments where glutamate was employed AMPA stimulation and account for these results. It is now
as stimulus, NMDA by 37%, kainate by 28% and AMPA by well accepted that NMDA and possibly other ionotropic
only 16%. On the other hand, Mg inhibited about 66%  glutamate receptors are phosphorylated and dephosphori-
of the release stimulated by kainate, 76% for AMPA, while lated by kinases and phosphatasBayer and Schulman,
this inhibition amounted to 80% for glutamate- and 98% 2001; Hatt, 1999; Sigel, 199%nd calcineurinRaul et al.,
for NMDA-stimulated releases. Regarding spontaneous re-2003. The neurotransmitter release assay has been suc-
lease, tissue previously stimulated by glutamate or NMDA cessfully employed in this kind of studyp¢hovics et al.,
was rendered sensitive to Kiyand significant decreases in 2003 and provided results that could be considered very
Bo/B; were detected-{42 and—32%, respectively). Such  close to the physiological/functional process, opposed to
magnesium-induced decreases in spontaneous release wetbe rather biochemical nature of the in vitro protein—protein
not observed after Kainate and AMPA stimulations. interaction or protein phosphorylation studies.
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Table 1
Effect of glutamate receptor agonists and antagonists on the releadd]ACh by striatal chopped tissue in the absence of magnesium (unless otherwise
stated)

Condition B,/B1 n A (%) SIS n A (%)
Glu 500p.M 0.98 + 0.11 17 0.74+ 0.13 17

Glu 500uM + Mg2t 1.2 mM 0.57+ 0.04 4 —42* 0.15+4+ 0.05 4 —80*
Glu 500pM + Gly 1 pM 1.13+ 0.13 4 +15 0.69+ 0.11 4 -7
Glu 500pM + TTX 1M 0.57 + 0.11 3 —42* 0.51+ 0.21 3 -31*
Glu 500pM + AP-5 100nM 0.89 + 0.05 6 —9* 0.59+ 0.19 6 -20*
NMDA 100 uM 0.87 £ 0.11 28 0.80+ 0.10 19

NMDA 100pM + Mg?t 1.2 mM 0.59+ 0.06 4 -32* 0.024+ 0.03 4 —98*
NMDA 100pM + Gly 1M 0.79 £ 0.07 6 -9 0.73£ 0.12 4 -9
NMDA 100pM + TTX 1M 0.55 + 0.04 4 -37* 0.29+ 0.11 4 —64*
NMDA 100uM + AP-5 100puM 0.80 + 0.06 6 -8 0.18+ 0.04 5 —78
NMDA 100 uM + MK-801 100uM 0.62 + 0.09 6 —29* 0.02+ 0.03 5 —98*
Kainate 30Q.M 0.83 + 0.10 20 0.85+ 0.22 14

Kainate 30QuM + Mg+ 1.2 mM 0.88+ 0.05 4 +6 0.29+ 0.16 2 —66*
Kainate 30Q.M + Gly 1M 0.86 + 0.04 4 +4 0.64+ 0.26 4 -25
Kainate 30QuM + TTX 1 uM 0.60 + 0.04 4 —28* 0.344+ 0.12 4 —60*
Kainate 30Q.M + AP-5 100n.M 0.89 + 0.07 4 +7 0.07+£ 0.09 2 —92*
Kainate 30QuM + MK-801 100u.M 0.76 + 0.11 6 -8 0.85+ 0.46 4 0
AMPA 1 mM 0.83+ 0.08 16 0.8& 0.37 13

AMPA 1 mM + Mg2+ 1,2 mM 0.77+ 0.08 6 -7 0.21+ 0.10 4 —-76*
AMPA 1mM + TTX 1 uM 0.70 £+ 0.11 6 -16* 0.21+ 0.15 5 —76*
AMPA 1mM + DNQX 100uM 0.79+ 0.11 6 -5 0.07+ 0.07 4 —-92*
AMPA 1mM + NBQX 100puM 0.68 + 0.11 4 —18 0.11+ 0.14 3 —88*

Values represent the mednS.D. ofn chambersA (%) represents the percent change compared to control value. Statistical analysis performed by ANOVA
followed by Dunnet’s test as described in text. In experiments with glutarBatB;, F = 17.95 and Fiit = 2.53; /S, F = 16.23 and Ferit = 2.53. In
experiments with NMDAB,/B;, F = 11503 and Fgit = 2.34; $/S;, F = 1268 and Fgit = 2.53. In experiments with kainat®,/B;, F = 6.501 and
Feit = 2.53; $/S, F =5.929 andFgit = 2.62. In experiments with AMPAB,/B;, F = 3.209 andFgit = 2.69; /Sy, F = 12.40 and Ferit = 2.74.

* P <0.05.

Tetrodotoxin was employed in an attempt to identify Although controversial, since the effective concentration to
the sub-cellular distribution of these receptor subtypes potentiate NMDA receptor is below the micromolar range,
on the striatal cholinergic cell. According to our results, we assumed that our preparation should not be considered
AMPA-stimulated PH]JACh release was the most sensi- free of endogenous glycine. Therefore, the stimulation ob-
tive to TTX showing a reduction of 76% of the stimulated tained in the absence of added glycine corresponds already
release, suggesting that this receptor could be located orto the maximal effect attainable and the addition @fM
dendrites or cell body of the large aspiny striatal neuron. glycine resulted in no additional increment.

NMDA and Kainate stimulations were the second most  The giant aspiny cell, recognized as the striatal cholinergic
inhibited (64 and 60%, respectively) suggesting that theseinterneuron, expresses a peculiar set of ionotropic glutamate
receptors could be rather homogeneously distributed on thereceptors. NMDA receptors are composed by NR1 and NR2
cholinergic cell. On the other hand, spontaneous release af-subunits with the latter presenting A to D variants. Recent
ter previous agonist stimulation showed an opposite patternstudies demonstrated that choline acetyl transferase-positive
of sensitivity to TTX blockade of sodium channels. In the (CAT) cells in rat and human striatum express NR1, NR2B,
extreme case, although statistically significant, a previous and also NR2D subunit<hen et al., 1996; Kuppenbender
exposure to AMPA seems to decrease the effect of TTX et al., 2000; Standaert et al., 199%hese studies emphasize
on spontaneous’H]ACh release. These effects could al- the absence of the NR2A subunit and the functional conse-
ternatively be explained by biochemical modifications of quence of this. The presence of the NR2A subunit generates
sodium channels by phosphorylation/dephosphorylation asa receptor more dependent on glycitNagkai et al., 1996
have been proposed by other auth@atterall, 2000; Choe  and the lack of effect of added glycine observed in our ex-
and McGinty, 2001; Schiffmann et al., 199®llowing the periments support this observation. Also, the antagonist se-
same rationale proposed above for the effects of Magn lectivity profile of NMDA receptors with the above subunit
spontaneous release. organization fits well to our results obtained in the TTX,

Glycine has been described as a co-agonist of glutamateMg?+ and MK-801 experiments, since a receptor contain-
on NMDA receptors. In order to assess this facilitating ef- ing the NR2C subunit would be insensitive to magnesium.
fect, we used glycine in a series of experiments. Glycine On the other hand, MK-801 was effective in our experi-
failed to increase3H]ACh release induced by the agonists. ments since we used a rather high concentrafian{ et al.,
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1995. To build a better picture of subunit composition of the microdialysis study quisqualate (AMPA agonist) induced
NMDA receptors studied here based on MK-801 sensitivity, ACh release thatwas completely blocked by TP%@erson
the 1G5 values should be evaluateddgnkai et al., 1998 et al., 1994; Rakovska et al., 2002Vhatever is the final ef-
Striatal cholinergic cells also express AMPA recep- fect of AMPA receptor stimulation in vivo, it seems that an
tors. These receptors are composed of subunits GluR1-4intermediary step is involved. The role of kainate receptors
Immunohistochemical and pharmacological studies havein this process seems again somewhat neglected. All micro-
demonstrated that the striatal cholinergic cell expressesdialysis studies employed acetyl cholinesterase inhibitors.
mainly GIuR1 and GluR4 subunits and lack the GIuR2/3  In conclusion, our results support that (1) in the ab-
subunit, conferring to these receptors a low?Caon- sence of M§", NMDA receptors are the most effective
ductance and slow desensitizatioBe(nard et al., 1997; glutamate receptors involved in the glutamate-stimulated
Buldakova et al., 1999; Martin et al., 199®ther authors  [3H]ACh release from rat striatal slices (2) magnesium,
failed to detect AMPA receptors in cholinergic striatal cells AP-5 (in kainate experiments) and TTX effectively antago-
by immunocytochemistryGhen et al., 1996 In our exper- nized kainate and AMPA stimulation suggesting that at least
iments, AMPA behaved as a poor releaser. Results of thepart of the kainate and AMPA effects might be attributed
experiments employing antagonists suggested that AMPAto glutamate release acting through NMDA receptors (3)
may act via the release of endogenous glutamate since 80%ainate receptors showed a more direct involvement in
of the AMPA stimulated release was inhibited by #g [3H]ACh release based on the smaller dependence it Mg
TTX blocked 76% and DNQX blocked 65% of the stimu- and less inhibition by TTX, the latter also pointing to a
lated release. These results suggest that the effect of AMPAfavored pre-synaptic location of these receptors, as well
could hardly be differentiated from those of glutamate in as the results showing the expression of kainate mRNA in
our experiments, suggesting the possible involvement of cholinergic cells (4) stimulation of ionotropic glutamate
endogenous glutamate released by AMPA. This notion receptors may induce long lasting biochemical changes in
deserves a careful approach in future studies. receptor/ion channel function modifying the effects of TTX
Kainate receptors are thought to be composed of and/or Mgt ions on PH]JACh release, in the same fashion
GluR5/6/7 and the high affinity KA1 and KA2Bgttler as described elsewher8igle et al., 2008for human but
and Mulle, 1995; Chittajallu et al., 1999Unfortunately not mouse cortical tissue. These authors detected an im-
the literature is unclear regarding the subunit composition portant activation of choline acetyl transferase activity in
of kainate receptors on the striatal cholinergic interneu- cortical tissue submitted to 10 or 20 mM"Kdepolarization.
ron. Using immunohistochemistry, some authors were able This complicates the interpretation of results of experiments
to detect GIuR6 and KA2 subunits as the prevalent con- involving the two-stimulation paradigm.
figuration of kainate receptors in caudate-putam€hep
et al., 1996. In mRNA amplification studies though, re-
sults are somewhat different suggesting that GIURS and Acknowledgements
KA1 to be the most frequent pattern in striatal cholinergic
cells Chittajallu et al., 1999; Lilliu et al., 2002 Besides The skillful technical assistance of Ms. Wanda R.C.
the original post-synaptic localization of kainate receptors, da Silva, Maria Zelma da Silva and Cleonice B. de Mi-
a presynaptic localization has been proposed, with an in-randa is acknowledged. Financial support by Fundacéo de
hibitory action on the release of glutamate and GABA in Amparo a Pesquisa do Estado de S&o Paulo—FAPESP
several neural structures as hippocampus, cerebellum anq02/04545-7) to LRPT. Undergraduate research fellowship
striatum Chittajallu et al., 199p According to our results,  from FAPESP (01/14104-5) to L.M. Masters fellowship
kainate receptors seem to be more involved in ACh releaseprogram from Conselho Nacional de Desenvolvimento
in striatal tissue, corroborating other studien( 1993.  Cienffico e Tecnologico—CNPq (135926/99-8) to PCAP.
This conclusion is further supported by the results obtained
in magnesium experiments in which this ion was less ef-
fective in counteract kainate-stimulate8HJACh release,
suggesting a smaller contribution of endogenous glutamate

acting through NMDA receptors. _ '
Finally, in vivo microdialysis experiments also present Anderson. J.J,, Kuo, S, Chase, T.N., 1994. Endogenous excitatory amino
acids tonically stimulate striatal acetylcholine release through NMDA

some variable results. While NMDA receptors exert a clear o amPA receptors. Neurosci. Lett. 176, 264—268.

stimulatory effect on ACh releasé\ifderson et al., 1994;  gayer, K.U., Schulman, H., 2001. Regulation of signal transduction by

Consolo et al., 1996; lkarashi et al., 1998; Knauber et al.,  protein targeting: the case for CaMKII. Biochem. Biophys. Res. Com-

1999, AMPA and kainate receptors are rather controversial.  mun. 289, 917-923.

AMPA receptor stimulation inhibited ACh release, an effect Bénard, V., Somogyi, P., Bolam, J.P., 1997. Cellular, subcellular, and
. . . subsynaptic distribution of AMPA-type glutamate receptor subunits in

_CompIEtely reversed by bicuculine su_gg_es_tlng that AMPA the neostriatum of the rat. J. Neurosci. 17, 819-833.

induced GABA release and the latter inhibited ACh release gettier, B., Mulle, C., 1995. Review: neurotransmitter receptors. 1. AMPA

(Giovannini et al., 199b In the opposite way, in another and kainate receptors. Neuropharmacology 34, 123-139.

References



P.C.A. Paes et al./Neuroscience Research 49 (2004) 289-295

Bodi, J., Nishio, H., Zhou, Y., Branton, W.D., Kimura, T., Sakakibara, S.,
1995. Synthesis of an-palmitoylated 44-residue peptide amide (PLTX
1) blocking presynaptic calcium channels in Drosophila. Peptide Res.
8, 228-235.

Buldakova, S.L., Vorobjev, V.S., Sharonova, I.N., Samoilova, M.V., Mag-
azanik, L.G., 1999. Characterization of AMPA receptor populations
in rat brain cells by the use of subunit-specific open channel blocking
drug, IEM-1460. Brain Res. 846, 52-58.

Camillo, M.A.P., Arruda-Paes, P.C., Troncone, L.R.P., Rogero, J.R., 2001.
Gyroxin fails to modify in vitro release of labeled dopamine and
acetylcholine from rat and mouse striatal tissue. Toxicon 39, 843-853.

Catterall, W.A., 2000. From ionic currents to molecular mechanisms: the
structure and function of voltage-gated sodium channels. Neuron 26,
13-25.

Cepeda, C., Itri, J.N., Flores-Hernandez, J., Hurst, R.S., Calvert, C.R.,
Levine, M.S., 2001. Differential sensitivity of medium- and large-sized
striatal neurons to NMDA but not kainate receptor activation in the
rat. Eur. J. Neurosci. 14, 1577-1589.

Chen, Q., Veenman, C.L., Reiner, A., 1996. Cellular expression of
ionotropic glutamate receptor subunits on specific striatal neuron
types and its implication for striatal vulnerability in glutamate
receptor-mediated excitotoxicity. Neuroscience 73, 715-731.

Chittajallu, R., Braithwaite, S.P., Clarke, V.R., Henley, J.M., 1999. Kainate
receptors: subunits, synaptic localization and function. Trends Phar-
macol. Sci. 20, 26-35.

Choe, E.S., McGinty, J.F., 2001. Cyclic AMP and mitogen-activated
protein kinases are required for glutamate-dependent cyclic AMP
response element binding protein and Elk-1 phosphorylation in the
dorsal striatum in vivo. J. Neurochem. 76, 401-412.

Consolo, S., Baldi, G., Giorgi, S., Nannini, L., 1996. The cerebral cortex

295

Jin, S., Fredholm, B.B., 1997. Electrically-evoked dopamine and acetyl-
choline release from rat striatal slices perfused without magnesium:
regulation by glutamate acting on NMDA receptors. Br. J. Pharmacol.
121, 1269-1276.

Knauber, J., Kischka, U., Roth, M., Schmidt, W.J., Hennerici, M., Fass-
bender, K., 1999. Modulation of striatal acetylcholine concentrations
by NMDA and the competitive NMDA receptor-antagonist AP-5: an
in vivo microdialysis study. J. Neural Transm. 106, 35-45.

Kuppenbender, K.D., Standaert, D.G., Feuerstein, T.J., Penney, J.B.J.,
Young, A.B., Landwehrmeyer, G.B., 2000. Expression of NMDA
receptor subunit mRNAs in neurochemically identified projection and
interneurons in the human striatum. J. Comp. Neurol. 419, 407-421.

Lapper, S.R., Bolam, J.P., 1992. Input from the frontal cortex and the
parafascicular nucleus to cholinergic interneurons in the dorsal striatum
of the rat. Neuroscience 51, 533-545.

Lilliu, V., Perrone-Capano, C., Pernas-Alonso, R., Diaz, T.R., Luca
Colucci, d.G., Zuddas, A., di Porzio, U., 2002. Ontogeny of kainate
receptor gene expression in the developing rat midbrain and striatum.
Brain Res. Mol. Brain Res. 104, 1-10.

Martin, L.J., Blackstone, C.D., Levey, A.l, Huganir, R.L., Price, D.L.,
1993. AMPA glutamate receptor subunits are differentially distributed
in rat brain. Neuroscience 53, 327-358.

Nankai, M., Fage, D., Carter, C., 1995. NMDA receptor subtype selec-
tivity: eliprodil, polyamine spider toxins, dextromethorphan, and de-
sipramine selectively block NMDA-evoked striatal acetylcholine but
not spermidine release. J. Neurochem. 64, 2043—-2048.

Nankai, M., Klarica, M., Fage, D., Carter, C., 1998. The pharmacology
of native N-methylp-aspartate receptor subtypes: different receptors
control the release of different striatal and spinal transmitters. Prog.
Neuropsychopharmacol. Biol. Psychiatry 22, 35-64.

and parafascicular thalamic nucleus facilitate in vivo acetylcholine Paul, S., Nairn, A.C., Wang, P., Lombroso, P.J., 2003. NMDA-mediated

release in the rat striatum through distinct glutamate receptor subtypes.
Eur. J. Neurosci. 8, 2702-2710.

activation of the tyrosine phosphatase STEP regulates the duration of
ERK signaling. Nat. Neurosci. 6, 34—42.

Dohovics, R., Janaky, R., Varga, V., Hermann, A., Saransaari, P., Oja, S.S.,Rakovska, A., Kiss, J.P., Raichev, P., Lazarova, M., Kalfin, R., Djam-

2003. Regulation of glutamatergic neurotransmission in the striatum

by presynaptic adenylyl cyclase-dependent processes. Neurochem. Int.

42, 1-7.
Fredholm, B.B., 1990a. Adenosine Al-receptor-mediated inhibition of

bazova, E., 2002. The non-competitive AMPA receptor antagonist
(GYKI 52466) blocks quisqualate-induced acetylcholine release from
the rat hippocampus and striatum: an in vivo microdialysis study.
Neurochem. Int. 40, 419-426.

evoked acetylcholine release in the rat hippocampus does not dependRichardson, |.W., Szerb, J.C., 1974. The release of labeled acetylcholine

on protein kinase C. Acta Physiol. Scand. 140, 245-255.
Fredholm, B.B., 1990b. Differential sensitivity to blockade by
4-aminopyridine of presynaptic receptors regulatifig]pcetylcholine
release from rat hippocampus. J. Neurochem. 54, 1386—-1390.
Giovannini, M.G., Camilli, F., Mundula, A., Bianchi, L., Colivicchi, M.A.,
Pepeu, G., 1995. Differential regulation bifmethylp-aspartate and

and choline from cerebral cortical slices stimulated electrically. Br. J.
Pharmacol. 52, 499-507.

Schiffmann, S.N., Desdouits, F., Menu, R., Greengard, P., Vincent,

J.D., Vanderhaeghen, J.J., Girault, J.A., 1998. Modulation of the
voltage-gated sodium current in rat striatal neurons by DARPP-32, an
inhibitor of protein phosphatase. Eur. J. Neurosci. 10, 1312-1320.

nonN-methylp-aspartate receptors of acetylcholine release from the Shepherd, G.M., 1998. The Synaptic Organization of the Brain. Oxford

rat striatum in vivo. Neuroscience 65, 409-415.

University Press, Oxford.

Hatt, H., 1999. Modification of glutamate receptor channels: molecular Sigel, E., 1995. Functional modulation of ligand-gated GABAA and

mechanisms and functional consequences. Naturwissenschaften 86,

177-186.

NMDA receptor channels by phosphorylation. J. Recept. Signal Trans-
duct. Res. 15, 325-332.

Ikarashi, Y., Yuzurihara, M., Takahashi, A., Ishimaru, H., Shiobara, T., Sigle, J.P., Zander, J., Ehret, A., Honegger, J., Jackisch, R., Feuerstein, T.J.,

Maruyama, Y., 1998. Direct regulation of acetylcholine release by
N-methylp-aspartic acid receptors in rat striatum. Brain Res. 795,
215-220.

2003. High potassium-induced activation of choline-acetyltransferase
in human neocortex: implications and species differences. Brain Res.
Bull. 60, 255-262.

Jin, S., 1997. AMPA- and kainate-receptors differentially mediate excita- Standaert, D.G., Friberg, I.K., Landwehrmeyer, G.B., Young, A.B., Pen-

tory amino acid-induced dopamine and acetylcholine release from rat
striatal slices. Neuropharmacology 36, 1503-1510.
Jin, S., Fredholm, B.B., 1994. Role of NMDA, AMPA and kainate recep-

ney, J.B.J., 1999. Expression of NMDA glutamate receptor subunit
mRNAs in neurochemically identified projection and interneurons in
the striatum of the rat. Brain Res. Mol. Brain. Res. 64, 11-23.

tors in mediating glutamate- and 4-AP-induced dopamine and acetyl- Troncone, L.R.P., Lebrun, I., Magnoli, F., Yamane, T., 1995. Biochemical

choline release from rat striatal slices. Neuropharmacology 33, 1039—
1048.

and pharmacological studies on a lethal neurotoxic polypeptide from
Phoneutria nigriventer spider venom. Neurochem. Res. 20, 879-883.



	Ionotropic glutamate receptors regulating labeled acetylcholine release from rat striatal tissue in vitro: possible involvement of receptor modulation in magnesium sensitivity
	Introduction
	Methods
	Drugs and reagents
	Release experiments
	Statistics

	Results
	Agonist-stimulated release of ACh
	Effect of antagonists on glutamate-stimulated ACh release
	Effect of antagonists on NMDA-stimulated ACh release
	Effect of antagonists on kainate-stimulated ACh release
	Effect of antagonists on AMPA-stimulated ACh release
	Effects of TTX and Mg2+ on spontaneous and agonist-stimulated ACh release

	Discussion
	Acknowledgements
	References


