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SHREVE, P E AND N J URETSKY AMPA, kamw actd, and N-methyl-D-aspartw actd snmulate locomotor acnwty after mjectton 
into the substanna mnommata/lateral preopttc area PHARMACOL BIOCHEM BEHAV 34(1) 101-106, 1989 --The substantla 
mnormnata/lateml preoptac area (SI/LPO) is a subpaUldal region which has been shown to regulate the hypermotlhty produced by drugs 
acting in the nucleus accumbens Evidence has been presented that the SFLPO contains glntamatergic nerve terminals and receptors 
for excitatory amino acids The purpose of this study was to deternune the effects of the actlvatmn of excitatory armno acid receptors 
in the SI/LPO on locomotor activity following the &rect mjecUon of excitatory amino acids into this brain sxte It was found that the 
bdateml injectaon of ct-anuno-3-hydmxy-5-methyl-lsoxazole-4-pmplonate (AMPA), kamlc acid, and N-methyl-D-aspartic acid into 
the SI/LPO produced marked dose-dependent stunulatlons of locomotor actlvxty which resembled the effects of these agents after their 
lnjectaon into the nucleus accumbens The effect, however, was bell-shaped m that at high doses, the locomotor activity values 
decreased from their peak values The coinjectmn of ",/-glutamylarmnomethylsulfonate (GAMS) with AMPA into the SFLPO was 
found to inhibit the hypermotflxty response to AMPA at doses that were unable to produce a significant mlubItmn of the hypermotlhty 
responses to kamlc acid or N-methyl-D-aspartlc acid The mjectmn of 6,7-dimtroqulnoxalme-2,3-dlone (DNQX) Into the SI/LPO 
inhibited the hypermotlhty responses to AMPA or kamlc acid while having no significant inhibitory effect on N-methyl-D-aspartac acid 
stimulated locomotor activity The mjectaon of D-ct-ammoadapic acid into the SFLPO produced a significant inhibition of the 
hypennotlhty response produced by N-methyl-D-asparttc acid at a dose that &d not produce a slgnlficnt inlubltaon of the hypermotahty 
response produced by AMPA These results suggest that the actavataon of specific excitatory amino acid receptors in the SFLPO 
medtates the locomotor actavity produced by AMPA, kamic acid, and N-methyl-D-aspartlc acid 

Excitatory amino acids Locomotor actavlty Substantia lnnormnata Lateral preopttc area Nucleus accumbens 

THE substantia mnomlnata/lateral preoptic area (SULPO) IS a 
subpalhdal region winch receives a large GABAerglc projectmn 
from the nucleus accumbens (11, 16, 17, 21), a regmn of the 
forebram that has been postulated to be involved m the mtegratmn 
of motivational and motor behavior (15,18) The lninbltion of this 
GABAerglc pathway appears to be revolved m the stlmulatmn of 
locomotor activity produced by the actions of various drugs in the 
nucleus accumbens (10). Thus, it has been shown that the 
stimulatmn of locomotor activity produced by the activataon of 
opioid (28), dopamine (16, 25, 27, 28), and excitatory amino acid 
(24) receptors m the nucleus accumbens can be lninblted by the 
mjection of GABA or musctmol mto the SFLPO. In addltmn to the 
effects of muscxmol, the injectmn of plcrotoxan, an minintor of 
endogenous GABA, into the SI/LPO has been shown to stimulate 
locomotor activity (16, 24, 26) Therefore, GABAerglc synapses 
in this subpalhdal region appear to regulate locomotor activity 

stimulated by mechanisms In the nucleus accumbens. 
In addition to the presence of GABA, an inhibitory neurotrans- 

nutter, glutamate, an excitatory neurotransmxtter, is also found m 
the SI/LPO Thus, autoradlograpinc studies have shown that this 
regxon contains a high concentration of excitatory armno acid 
binding sites that are thought to represent receptors for glutanuc 
acid (8,19). Furthermore, synaptosomes prepared from the SI/ 
LPO possess Ingh-affimty uptake sites for L-glutamate and D- 
aspartate and can release glutamate in a calcium-dependent manner 
in response to depolarization (1) Based on a recent neuroanatom- 
lCal study winch utilized 3H-D-aspartate as a selective retrograde 
tracer, the cells of ongm of these glutamate terrmnals appear in 
part to be located m the amygdala, a region of the hmblc system 
(7). While the functional effects of glutamate m the SULPO are not 
known, It lS possible that glutamate, an excitatory amino acid, 
may serve to dtrectly or ln&rectly oppose the inhibitory actmns of 
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GABA in this subpalhdal region on locomotor activity 
The purpose of the present study was to determine the actions 

of the excitatory amino acids, a-amino-3-hydroxy-5-methyl-lsox- 
azole-4-propionate (AMPA), kainic acid, and N-methyl-D-as- 
partlc acid, on locomotor activity following their direct rejection 
into the SI/LPO These amino acids were studied because they 
have been shown to be agonIsts at different excitatory amino acid 
receptors Our results show that AMPA, kainlc acid, and N- 
methyl-D-aspartic acid elicited marked stimulations of locomotor 
activity and the effect of each compound could be distinguished by 
administenng excitatory amino acid antagonists 

METHOD 

Surgzcal Procedure 

Male Sprague-Dawley rats (Harlan Sprague-Dawley, Indlanap- 
ohs, IN), weighing 150-190 g, were lightly anesthetized with a 
halothane/oxygen m~xture and placed in a stereotaxic apparatus 
(David Kopf Instruments, CA) A mldhne incision was made in 
the scalp and holes were drilled on each side of the skull to 
facilitate bilateral injections into the substantia lnnomlnata/lateral 
preoptlc area (SI/LPO) The coordinates for the SULPO were 6 8 
mm anterior to the mtraaural hne, 1 8 mm lateral to the saglttal 
suture, and 2 0 mm above the intraaural line (13) The needle of 
a 10 txl Hamilton syringe (Hamilton C o ,  Reno, NE) was then 
inserted into the previously drilled holes Drugs or vehicle were 
injected in a 0 5 Ixl volume at a rate of 0 5 Ixl/mln The needle was 
left in place for an additional 1 min to allow for diffusion of the 
solution After the injection, the needle was removed and the 
incision was sutured and swabbed with 5% (w/v) hdocaine 
ointment 

Momtormg Locomotor Acttvtty 

After the injections into the SI/LPO, the anesthesia was turned 
off and the animals recovered from anesthesia within 5 mln After 
recovery, the animals were placed in motor activity cages (Opto 
Varimex-Minor, Columbus Instruments, OH) and allowed 10 min 
to adapt to the cages The motor activity cages contained 12 × 12 
infra-red beams passing a height of 5 cm from the bottom of the 
cage through a ventilated Plexiglas box measuring 42 cm square 
and 20 cm high Ambulatory movement was recorded as the 
number of times two consecutive beams, 3 5 cm apart, were 
interrupted per hour Each animal was injected once and the 
locomotor aCtlVlty was recorded for a one-hour interval The data 
were collected and printed by a Columbus digital counter The 
ammals were observed for convulsions rearmg, or any other 
nonambulatory behavior dunng all recording sessions All testing 
was done between 8 0 0  a m  and 4 0 0  p m  In an isolated 
environmental room, maintained at a temperature of 22---I°C 
Prior to the day of the experiment, the animals were housed, four 
to a cage, in an air-conditioned room kept at 20-21°C with an 
automatic hght-dark cycle (hght on 6 00 a m -6  00 p.m ) 

Histology 

After each experiment, the rats were decapitated and their 
brains rapidly removed and fixed m a 10% formalin solution for 48 
hours Frozen sections (80 tx thick) were shced using a Cryo-Cut 
Mlcrotome (American Optical C o r p ,  Buffalo, NY) to check the 
location of the injection needle When the tips of the needle tracks 
were found to be outside of the SI/LPO, solutions containing 
excitatory amino acids thd not stimulate locomotor activity and the 
locomotor activity recordings of these animals were not used for 
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FIG 1 InJection sites of AMPA, kmmc acid, or N-methyl-D-aspartlc acid 
m the SI/LPO These sites represent the tips of the needle tracks Closed 
circles in diagrams A, B, and C refer to sites that produced a slgmficant 
stimulation of locomotor activity in response to AMPA, kamlc acid, or 
N-methyl-D-asparhc acid mjected into the SI/LPO respectively, open 
circles were sites that were located outside the SI/LPO and that did not 
produce a sigmficant hypermotxhty response The locomotor activity of 
animals with injection sites outside the SI/LPO was not Included in this 
study Adapted from (13) Abbreviations AC, anterior commlssures, GP, 
globus pallidus, OC, optic chmsm, ST, stnatum 

the study Figure 1 shows the injection sites for AMPA, kainic 
acid, or N-methyl-D-aspartic acid in the SI/LPO that were effec- 
tive and meffectwe in stimulating locomotor activity AMPA, 
kaInic acid, or N-methyl-D-aspartlc acid were found to be inef- 
fective when at least one of the two injection sites in an animal 
were outside the SI/LPO 

Drugs 

The following compounds were purchased from Sigma Chem- 
ical Co (St Louis, MO) N-methyl-D-aspartlc acid, kainxc acid, 
and D-et-amlnoadipIc acid et-Amino-3-hydroxy-5-methyl-lsox- 
azole-4-propionate (AMPA) was purchased from Research BIo- 
chemicals Inc (Natlck, MA) 6,7-Dmltroqulnoxahne-2,3-dlone 
(DNQX) and 3,-glutamylammomethylsulfonate (GAMS) were ob- 
tained from Tocns Chemicals (Essex, England) 

N-Methyl-D-aspartic acid was dissolved in sahne and adjusted 
to pH 7 4 with 1 N NaOH All other drugs were dissolved in 
phosphate buffer (pH = 7 5) The doses shown refer to the amount 
rejected on each side of the SI/LPO For the studies on the 
antagonistic action of GAMS and D-a-aminoa&pIc acid, AMPA 
and kalmc acid were administered at doses that produced a slmtlar 
degree of locomotor activity Although thls level of locomotor 
activity could not be achieved with N-methyl-D-aspartic acid, the 
highest dose which did not elicit seizure activity was utihzed for 
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FIG 2 Effect of AMPA on locomotor activity after bilateral injection into 
the SI/LPO A solution of AMPA or vehicle was injected in a 0 5 Ixl 
volume and the animals were placed in motor actavlty cages and locomotor 
activity recorded for 1 hour Each point represents the mean -+ S E M for 
the number of observations m parentheses Kruskal-Walhs analysis of 
variance H = 17 62, p<0 05 *p<0 05 with respect to vehicle (Mann- 
Whitney U-test) 

these studies Control animals were injected with an equal volume 
(0 5 ILl) of saline or phosphate buffer 

Stattsttcs 

Data were expressed as the mean and standard error of the 
mean (SEM) The effects of drugs and saline treatment were 
evaluated statistically using the nonparametrlc Kruskal-Walhs 
one-way analysis of variance followed by the one-tatled Mann- 
Whitney U-test, with a level of p < 0  05 being considered signif- 
icant 

RESULTS 

Effect of AMPA, Kazmc Acid, and N-Methyl-D-Asparnc Acid on 
Locomotor Actlvtty m the Rat 

The bilateral injection of etther AMPA (0 1-1 wg), kamlc acid 
(15-60 ng), or N-methyl-D-aspartlc acid (1-2 5 Ixg) into the 
SI/LPO produced a dose-dependent increase in locomotor activity 
(Figs 2, 3, and 4 respectively) At these doses, rats exhibited 
periods of intense prolonged coordinated locomotor activity sim- 
ilar to that observed when these agents were injected into the 
nucleus accumbens While the movements of the rats were 
vigorous, they were also controlled Thus, the rats avoided 
obstacles placed in their path and never ran into the cage walls. 
AMPA (1 Ixg) produced the greatest hypermotlhty response which 
was 65 times greater than the response of saline-treated animals 
Kalmc acid (60 ng) and N-methyl-D-aspartlc actd (2 5 Ixg) were 
less effective, producing maximum hypermotlhty responses which 
were only 25 and 12 times greater than the responses of control 
animals respectively Higher doses of AMPA (3 Ixg), kalmc acid 
(120 ng), and N-methyl-D-aspartic acid (5 p.g) induced tremors 
and labored breathing which appeared to interfere with the 
hypermot]hty response and may account for the reduction in 
locomotor activity at these doses 

Effect of GAMS on AMPA-, Kalnw Actd-, and 
N-Methyl-D-Aspartw Acid-Stimulated Locomotor Acttvtty 
in the Rat 

~/-Glutamylamlnomethylsulfonate (GAMS) has been character- 

FIG 3 Effect of kaimc acid on locomotor actlvlty after bilateral lnjectaon 
into the SULPO A solutaon of kaimc acid or vehicle was injected in a 0 5 
~l volume and the animals were placed in motor activity cages and 
locomotor activity recorded for 1 hour Each point represents the mean_+ 
S E M for the number of observations in parentheses Kruskal-Walhs 
analysis of variance H = 18 98, p<0 05 *p<0 05 with respect to vehicle 
(Mann-Whitney U-test) 

lzed as a selective antagomst of the effects of qmsquahc acid m the 
nucleus accumbens (23) The purpose of this experiment was to 
determine the effect of GAMS on AMPA-,  kamic acid-, and 
N-methyl-D-aspartic acid-stimulated locomotor activity after bi- 
lateral injection into the SI/LPO. GAMS (1 and 25 I~g) was 
coadnumstered with AMPA (0 5 Ixg), kalnlC acid (30 ng), and N- 
methyl-D-asparttc acid (2.5 Ixg) into the SI/LPO For this study, 
AMPA and kaimc acid produced comparable levels of locomotor 
activity while the hypermotihty response elicited by N-methyl- 
D-aspart]c acid was only one third of that produced by AMPA and 
kamic acid (Fig 5) GAMS (1 t~g) produced a slgmficant 82% 
inhibition of AMPA-stlmulated locomotor activity, whereas this 
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FIG 4 Effect of N-methyl-D-aspartlc acid on locomotor activity after 
bilateral lnjeclaon into the SULPO A solution of N-methyl-D-asparttc acid 
or veMcle was rejected m a 0 5 p,l volume and the animals were placed m 
motor activity cages and locomotor actavlty recorded for 1 hour Each point 
represents the mean -+ S E M for the number of observations m parenthe- 
ses Kruskal-Walhs analysis of variance H = 9 86, p<0 05 *p<0 05 with 
respect to vehicle (Mann-Whitney U-test) 
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FIG 5 Effect of GAMS on AMPA-, kmmc aod-, and N-methyl- 
D-aspartlc ac~d-sUmulated locomotor actw~ty after bilateral mjecUon into 
the SULPO A solution of AMPA (0 5 p,g), kalmc aod (30 ng), or 
N-methyl-D-aspart]c acid (2 5 I~g) w,th or without GAMS (1-25 p,g) was 
rejected in a 0 5 ixl volume and the ammals were placed m motor acuwty 
cages and locomotor acUwty recorded for 1 hour Each pomt represents the 
mean _+ S E M for the number of observations in parentheses Kruskal- 
Walhs analysis of variance H = 2 38, p<0 05 for the control experiment, 
H = 7 2, p<0 05 for the AMPA experiment, H = 1 8, p>0 05 for the 
kmmc acid experiment, H = 4 53, p = 0 05 for the N-methyl-D-aspartlc 
aod experiment *p<0 05 with respect to vehicle controls (Mann-Whitney 
U-test) 

dose of GAMS &d not produce a significant inhibition of either 
kalnlC acid (16%) or N-methyl-D-aspartlc acid (25%) A further 
increase in the dose of GAMS to 25 p.g wtth kamlc acid and 
N-methyl-D-aspartic acid produced no Inhibition and a slgmflcant 
62% mhtbitlon respectively GAMS, administered alone at these 
doses, did not produce a statistically significant effect on locomo- 
tor acttvity 

Effect of DNQX on AMPA-, Kamtc Actd-, and 
N-Methyl-D-Aspartw AcM-Sttmulated Locomotor Activity 
m the Rat 

6,7-Dmltroqumoxahne-2,3-dlone (DNQX) has recently been 
characterized as a selecuve qmsquahc acid receptor antagonist on 
the basis of 3H-AMPA binding studies (9) The purpose of this 
experiment was to determine the effect of DNQX on AMPA-, 
kainic acid-, and N-methyl-D-aspartic acid-stimulated locomotor 
activity after bilateral rejection into the SI/LPO DNQX (1 txg) 
was coadmmlstered with either AMPA (0 5 Ixg), kalmc acid (30 
ng), or N-methyl-D-aspartlc aczd (2 5 Ixg) mto the SI/LPO 
AMPA alone produced the greatest hypermotlhty response which 
was two and five times greater than kalnzc aod  and N-methyl- 
D-aspartlc acid respectively (Fig 6) DNQX (1 Ixg) produced a 
significant 64% and 84% mhthitmn of AMPA- and kainlc acid- 
snmulated locomotor actiwty respectively However, this dose of 
DNQX did not slgmficantly effect the hypermotlhty response 
ehclted by N-methyl-D-aspartlc acid The administration of DNQX 
alone did not produce a slgmficant effect on locomotor actwity 

Effect of D-ct-Ammoadtptc Actd on AMPA- and 
N-Methyl-D-Asparnc Aczd-Sttmulated Locomotor Acttvtty 
zn the Rat 

D-et-Amlnoa&plc acid, an antagomst of the N-methyl-D- 
aspartlc acid subtype of excitatory amino acid receptors, has been 
shown to selectively inhibit the hypermotlhty responses to N- 
methyl-D-aspartlc acid m the nucleus accumbens (5) In thzs 
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FIG 6 Effect of DNQX on AMPA-, kamlc aod-, or N-methyl-D-aspart]c 
acid-stimulated locomotor actlwty after bilateral lnjecUon into the SI/LPO 
A solution of AMPA (0 5 Ixg), kalnlC acid (30 ng), or N-methyl-D-aspartlc 
aod (2 5 p,g) with or without DNQX (1 Ixg) was rejected m a 0 5 Ixl 
volume and the animals were placed in motor actzvzty cages and locomotor 
activity recorded for 1 hour Each point represents the mean _+ S E M for 
the number of observaUons m parentheses *p<0 05 with respect to 
vehicle controls 

study, D-o~-ammoadlplc acid (10 Ixg) was coadmmlstered with 
AMPA (0 5 Izg) and N-methyl-D-aspartlc acid (2 5 Ixg) into the 
SI/LPO AMPA and N-methyl-D-aspartlc acid produced signifi- 
cant increases in locomotor actwity as compared to vehicle 
controls although the hypermotfllty response to AMPA was over 
four times greater than the response to N-methyl-D-aspartlc acid 
(Fig 7) D-et-Ammoa&plc acid produced a significant 58% 
inhibition of N-methyl-D-aspartic acid-stimulated locomotor ac- 
ttvtty but did not produce a statistically significant inhibition of 
AMPA-stlmulated locomotor activity D-et-AmInoadiplc acid, 
administered alone, dtd not produce a statzstically significant 
effect on locomotor actlwty 

DISCUSSION 

The major finding of this study is that the dtrect mjecnon of the 
excitatory amino acids, AMPA, kamlc acid, and N-methyl- 
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FIG 7 Effect of D-tx-armnoa&plc acid on AMPA- or N-methyl-D- 
aspartlc actd-stlmulated locomotor actwlty after bilateral mJecnon into the 
SI/LPO A solution of AMPA (0 5 Izg) or N-methyl-D-aspamc acid (2 5 
Ixg) was injected m a 0 5 Ixl volume and the ammals were placed m motor 
activity cages and locomotor actlvlty recorded for 1 hour Each point 
represents the mean - S E M for the number of observations m parenthe- 
ses *p<0 05 with respect to vehicle controls 
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D-aspartlc acid into the SI/LPO produced a bell-shaped response 
consisting of marked dose-dependent increases in locomotor 
activity followed by a decrease from the peak value at the higher 
doses These hypermotlllty responses to AMPA and N-methyl- 
D-aspartlc acid were selectively lnlubited by excitatory amano acid 
receptor antagomsts suggesting that the responses are mediated by 
the activation of specific excitatory amino acid receptors These 
results suggest that excitatory amino acid neurotransmlsslon in the 
SI/LPO is involved in the stimulation of coordinated locomotor 
activity 

Studies were designed to determine the involvement of non- 
N-methyl-D-aspartlc acid receptors in the SI/LPO in stimulating 
locomotor activity DNQX has recently been described as a potent 
competitive non-N-methyl-D-aspartlc acid receptor antagonist based 
on its ability to selectively inhibit 3H-AMPA and 3H-kalmc acid 
binding, while being a much weaker lntubltor of the binding of 
3H-CPP, an N-methyl-D-aspartlc acid receptor antagonist (9) In 
the present study DNQX (1 ~g) produced a significant 64% and 
84% inhibition of AMPA- and kamlc acid-stimulated locomotor 
activity respectively, while producing no significant effect on 
N-methyl-D-aspartlc acid-stimulated loocmotor activity. These 
results, which are in agreement with the inhibitory effects of 
DNQX on the responses to AMPA and kamlc acid in electrophys- 
lologlcal studies (9), suggest that the activation of non-N-methyl- 
D-aspartlc acid receptors in the SI/LPO produces a stimulation of 
locomotor activity 

The effects of excitatory amino acids in the SI/LPO were also 
deternuned in the presence of GAMS which has been described as 
a potent, but nonselective, antagonist of kaamc acid and qulsquahc 
acid receptor subtypes (6) based upon electrophyslologlcal studies 
(3, 4, 12) However, despite its ability to inhibit the electrophys- 
lologlcal effects of AMPA and kalmc acid, recent studies have 
shown that GAMS is a very weak lnhthltor of both 3H-AMPA 
and aH-kalnlC acid binding (9,20) suggesting that GAMS does not 
block AMPA and kamlc acid receptors In the present study, 
GAMS at a dose of 1 wg produced a marked (82%) inhibition of 
AMPA-stlmulated locomotor activity while having no significant 
effect on kamlc acid- and N-methyl-D-aspartlc acid-stimulated 
locomotor activity The selective effect of GAMS in mhlbmng 
AMPA-lnduced responses is in agreement with the results of a 
previous study which showed that GAMS selectively inhibited the 
hypermotlhty responses to AMPA and qmsquallC acid in the 
nucleus accumbens at doses that were ineffective in inhibiting the 
responses to kalmc acid and N-methyl-D-aspartlc acid (23) 
Although the mechanism for the selectivity of GAMS in the 
SI/LPO and nucleus accumbens is currently not known, these 
results suggest that the hypermotdlty response to AMPA in the 
SI/LPO is mediated by a different mechanism than that produced 

by kaimc acid or N-methyl-D-aspartlc acid and are consistent with 
the actions of AMPA at a separate receptor 

Similarly, the hypermotihty response produced by the direct 
injection of N-methyl-D-aspartlc acid into the SI/LPO seems to be 
selectively mediated by the actlvatton of N-methyl-D-aspartac acid 
receptors. D-ct-Ammoadxplc acid has been shown m electrophys- 
lologlcal (2,14), binding (22), and behavioral (5,23) studies to be 
a selective antagonist of the N-methyl-D-aspartlc acid receptor. In 
the present study D-ct-ammoadipic acid, at a dose that produced a 
significant 58% inhibition of N-methyl-D-aspartlc acid-induced 
locomotor activity, did not significantly Inhibit AMPA-mduced 
locomotor activity Although this result is consistent with a 
selective inhibition of the effects of N-methyl-D-aspartlc acid, the 
stimulation of locomotor activity produced by the maximally 
effective dose of N-methyl-D-aspartlc acid (2.5 txg) was three to 
four times less than that produced by a low dose of AMPA (0 5 
v~g) It is therefore possible that the greater stimulation of 
locomotor activity produced by AMPA may be more difficult to 
antagonize than the smaller effect produced by N-methyl-D- 
aspartlc acid While this posslblhty can not be excluded, the 
greater hypermotihty response to AMPA was selectively inhibited 
by GAMS and DNQX at doses that had no significant effect on the 
smaller response to N-methyl-D-aspartlc acid suggesting that the 
size of the hypermotdity response is not a factor in determining the 
selectivity of mhlbitaon. Furthermore, we have found in a previous 
study (23) that the dose of D-ot-anunoadlplc acid used in the 
present study selectively inhibited the hypermotlhty response 
ehclted by N-methyl-D-aspartlc acid but had no significant effect 
on that produced by AMPA m the nucleus accumbens Therefore, 
these results suggest that activation of N-methyl-D-aspartlc acid 
receptors in the SI/LPO leads to the stimulation of locomotor 
activity 

The results from previous studies have suggested that the 
stimulation of locomotor activity produced by drugs acting in the 
nucleus accumbens is mediated by a decrease in GABAerglc 
neurotransmlsslon in the SI/LPO These results taken together 
with the present observations suggest that both the inhibition of 
GABAerglc neurotransrmsslon and the sttmulatlon of glutamater- 
glc (excitatory amino acid) neurotransmlsslon in the SULPO can 
produce a stimulation of coordinated locomotor activity There- 
fore, since neuronal mechanisms in the nucleus accumbens have 
been implicated in goal-oriented behavior (15), excitatory armno 
acid as well as GABAerglc mechanisms in the SI/LPO may 
function to regulate this behavior 
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