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0" 1 Receptors in rat striatum regulate NMDA-st imulated [3H]dopamine 
release via a presynaptic mechanism 
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Abstract 

The role of the Or 1 receptor in the regulation of N-methyl-D-aspartate (NMDA)-stimulated [3H]dopamine release from rat 
striatal slices was examined. The ~ receptor agonist 1S,2R-(-)-N-[2-(3,4-dichlorophenyl)ethyl]-N-methyl-2-(1-pyr- 
rolidinyl)cyclohexylamine (BD737) inhibited stimulated release in a concentration-dependent manner. The ~1 receptor antago- 
nist, 1-(cyclopropylmethyl)-4-(2'-(4"-fluorophenyl)-2'-oxoethyi)piperidine HBr (DuP 734), reversed inhibition of release by BD737. 
Haloperidol, di-o-tolylguanidine (DTG) and N-[2-(3,4-dichlorophenyl)ethyl]-N-methyl-2-(1-pyrrolidinyl)ethylamine (BD1008) re- 
versed the BD737-mediated inhibition of release. Haloperidol and DTG also antagonized inhibition of stimulated release by 
(+)-pentazocine. Furthermore, BD737 and (+)-pentazocine inhibited stimulated release in the presence of tetrodotoxin, 
suggesting that tr 1 receptors regulating dopamine release are located on dopaminergic nerve terminals. These data suggest that 
or 1 receptors may be important in the regulation of glutamate-stimulated dopamine release. 

Keywords: ~ Receptor; Dopamine release; (+)-Pentazocine; BD737 (1S,2R-(-)-N-[2-(3,4-dichlorophenyl)ethylJ-N-methyl-2-(1- 
pyrrolidinyl)cyclohexylamine); DuP 734 (1-(cyclopropylmethyl)-4-(2'-(4"-fluorophenyl)-2'-oxoethyl)piperidine HBr); BD1008 (N- 
[2-(3,4-dichlorophenyl)ethyl]-N-methyl-2-pyrrodinyl)cyclohexylamine) 

1. Introduct ion 

Although the functional role of o- receptors in the 
central nervous system remains unclear, recent studies 
indicate the existence of multiple 0- receptor  subtypes. 
or Receptors  have been classified into two subtypes, 0-1 
and 0-2, primarily based upon binding profile differ- 
ences (Hellewell and Bowen, 1990; Quirion et al., 1992; 
Rothman  et al., 1991). A reverse stereoselectivity for 
benzomorphans  is observed with the two or receptor  
subtypes (Di Paolo et al., 1991; Hellewell and Bowen, 
1990). 0-~ Receptors  bind (+) - i somers  of benzomor-  
phans, such as N-allylnormetazocine (SKF10,047) and 
(+)-pentazocine ,  with greater  affinity than 0-2 recep- 
tors. The ( - ) - i s o m e r s  of  benzomorphans  are slightly 
more potent  at 0-2 receptors than the (+)- isomers ,  yet 
they do not differentiate the two sites. The 0- ligand 
di-o-tolylguanidine (DTG)  does not have selectivity for 
one subtype over the other. However,  haloperidol, 
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which has high affinity for 0- receptors, has approxi- 
mately a 40-fold preference for 0-1 sites. Recent  data 
on regulation of receptor  binding also support the 
existence of at least two distinct 0- sites. 0-t Receptor  
binding appears  to exhibit sensitivity to GTP or a 
stable GTP  analog (Beart et al., 1989; Itzhak, 1989; 
I tzhak and Stein, 1992) whereas 0-2 receptor  binding 
remains unaffected. Furthermore,  phenytoin allosteri- 
cally modulates o" 1 sites, yet does not appear  to affect 
0-2 sites (McCann and Su, 1992; De Haven-Hudkins et 
al., 1993). In addition, Basile et al. (1992) have demon- 
strated that 0-1 receptor  binding is sensitive to divalent 
cations, suggesting a possible involvement of 0-t recep- 
tors in the regulation of cation channels. Little direct 
evidence for physiological roles of tr receptor subtypes 
has been reported,  since the discrimination is re- 
leatively recent. In our laboratory, we have demon- 
strated 0" 1 receptor  regulation of [3H]arachidonic acid 
release from rat cerebellar granule ceils (Starr and 
Werling, 1994). 

Both anatomical and physiological evidence support  
a role for 0" receptors in motor  function. 0" Receptors  
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appear to be highly localized in dopaminergic brain 
areas which are essential for motor control (Walker et 
al., 1990). Both the striatum and the substantia nigra 
(pars compacta), important dopaminergic areas which 
are critical in the regulation of movement, are enriched 
with or receptors (Graybiel et al., 1989; Gundlach et 
al., 1986; McLean and Weber, 1988; Heroux et al., 
1992). Lesions of dopaminergic neurons in the striatum 
and substantia nigra with 6-hydroxydopamine were 
found to produce a significant decrease in the number 
of 0- receptors in these areas (Gundlach et al., 1986). 0- 
Receptors have also been implicated in the regulation 
of dopaminergic neuronal firing patterns in the sub- 
stantia nigra (Engberg and Wikstr6m, 1991). In addi- 
tion, the 0- 2 subtype appears to be involved in the 
modulation of circling behavior induced by intranigral 
microinjections of 0- ligands (Walker et al., 1993). 
Injection of 0- ligands into the red nucleus of rats 
produced dystonic-like symptoms (Walker et al., 1988). 
An apparent increased number of 0- receptors as well 
as increased affinity for the o- ligand DTG has been 
observed in genetically dystonic rats (Bowen et al., 
1988), although in a recent study, no changes in DTG  
binding to 0-~ or 0-2 sites in a dystonic strain were 
found (Weissman et al., 1993). In addition, there have 
been numerous electrophysiological and biochemical 
studies which have reported modulation of striatal 
dopamine activity by several compounds with reported 
affinity for 0- receptors (Freeman and Zhang, 1992; 
French and Ceci, 1990; Steinfels et al., 1989; Iyengar et 
al., 1990). These initial studies, however, did not pro- 
duce consistent effects, most likely due to affinities of 
many of the compounds tested for multiple receptor 
types. 

We have previously reported the inhibition of N- 
methyl-o-aspartate (NMDA)-stimulated [3H]dopamine 
release from rat striatum by o- receptor ligands 
(Gonzalez-Alvear and Werling, 1994). (+)-Pentazocine  
was found to produce a biphasic inhibition of 
[3H]dopamine release, suggesting its effects were medi- 
ated through multiple receptor types, including 0-1, 0-2 
and PCP receptors. Inhibition of release by nanomolar 
concentrations of (+)-pentazocine produced an inhibi- 
tion of stimulated release that was reversible by the 
selective 0-1 receptor antagonist 1-(cyclopropylmethyl)- 
4-(2'(4"-fluorophenyl)-2'-oxoethyl)piperidine HBr (DuP 
734), suggesting 0-1 receptor involvement in the regula- 
tion of dopamine release. In the current study, we have 
further examined the role of the 0-1 receptor in the 
regulation of dopamine release in rat striatum by inves- 
tigating the effects of the novel 0- receptor agonist, 
1 S,2 R-( - )-N-[2-(3,4-dichlorophenyl)ethyl]-N-methyl- 
2-(1-pyrrolidinyl)cyclohexylamine (BD737), which dis- 
criminates well between 0-1 and 0-2 receptors, either 
alone or in combination with the 0-1 receptor antago- 
nist DuP 734. We have also performed preliminary 

experiments investigating the localization of the 0-1 
receptor and have found evidence of its location of 
dopaminergic nerve terminals. 

2. Materials and methods 

2.1. [ 3H]Dopamine release experiments 

Methods are essentially as described in Gonzalez- 
Alvear and Werling (1994). All experiments were car- 
ried out in accordance with the guidelines and the 
approval of The George Washington University Institu- 
tional Animal Use and Care Committee. Male or fe- 
male Sprague-Dawley rats (Hilltop, Scottdale, PA, 
USA) weighing approximately 250-350 g were killed by 
decapitation and their brains were removed to ice. 
Striata were dissected and chopped into 250/xm by 250 
/.Lm strips with a Sorvall (Wilmington, DE, USA) T-2 
tissue sectioner. Striatal slices were suspended in oxy- 
genated modified Krebs-Hepes buffer (MKB: in mM, 
127 NaC1, 5 KC1, 1.3 NaH2PO 4, 2.5 CaCI 2, 15 Hepes, 
10 glucose; pH adjusted to 7.4 with NaOH) by tritura- 
tion through a plastic transfer pipette. Magnesium was 
always omitted from the buffer because of its physio- 
logical antagonism at the NMDA receptor /channel  
complex. Buffers were oxygenated throughout the ex- 
periments. Following three washes in MKB, tissue was 
resuspended in 20 ml MKB and incubated in 15 nM 
[3H]dopamine and 0.1 mM ascorbic acid for 30 min. 
Tissue was then washed twice in 20 ml MKB and once 
in MKB containing 10 fzM nomifensine and 1 /zM 
domperidone. Nomifensine and domperidone were in- 
cluded in all subsequent steps of the experiment to 
prevent reuptake of released [3H]dopamine and pre- 
vent feedback inhibition via D 2 receptors, respectively. 
Tissue was suspended a final time in MKB and dis- 
tributed in 275 /xl aliquots between glass fiber filter 
discs into chambers of a Brandel (Gaithersburg, MD, 
USA) superfusion apparatus. MKB was superfused over 
the tissue at a flow rate of 0.6 ml /min.  A low stable 
baseline release of approximately 1 .1%/min was estab- 
lished over a 30 min period. Tissue was then stimulated 
to release [3H]dopamine by a 2 rain exposure to 25/xM 
NMDA (stimulus 1, S1). A 100 /zM concentration of 
NMDA was used as a standard stimulus in release 
experiments in the presence of tetrodotoxin. The in- 
flow was then returned to a non-stimulating buffer 
(interstimulus interval, ISI) for a period of 10 min. If a 
potential inhibitor of release was to be tested, it was 
introduced during this time. The tissue was then stimu- 
lated a second time for 2 min in the presence or 
absence of inhibitor as appropriate (stimulus 2, $2). 
Inflow was again returned to non-stimulating buffer to 
allow return to baseline release before final extraction 
of radioactivity remaining in tissue by a 45 rain expo- 
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sure to 0.2 N HCI. Superfusates were collected at 2 
min intervals in scintillation vials and radioactivity de- 
termined by liquid scintillation spectroscopy. 

2.2. Materials 

Chemicals and reagents were obtained from the 
following sources: N-methyl-D-aspartate (NMDA), di- 
o- tolylguanidine (DTG) ,  haloperidol ,  naloxone,  
nomifensine and domperidone, Research Biochemicals 
(Natick, MA, USA); (+)-pentazocine,  Research Tech- 
nology Branch, N I D A  (Rockville, MD, USA); 
tetrodotoxin, Sigma Chemical Co. (St. Louis, MO, 
USA); [3H]dopamine (specific activity 50 Ci/mmol) ,  
Amersham Corp. (Arlington Heights, IL, USA). The 
following compounds were generous gifts: BD737 and 
BD1008, Dr. Wayne Bowen and Dr. Brian De Costa, 
NIDDK, National Institutes of Health (Bethesda, MD, 
USA); DuP 734, Dr. William Tam, Du Pont Merck 
Pharmaceutical Co. (Wilmington, DE, USA). 

2.3. Statistical analysis 

Data were expressed as radioactivity released above 
baseline during the collection interval (fractional re- 
lease, %) or as a percentage of radioactivity released 
by the control stimulus (% control stimulated release). 
In experiments on inhibition of release by various 
drugs, all data were statistically analyzed as ratios 
($2/S1)  before transformation of data into % control 
stimulated release. Data are presented as % control 
stimulated release for facility in comparison across 
experiments. All statistical analyses were performed by 
two-way factorial analysis of variance (ANOVA). Post- 
hoc Dunnett 's  test was also performed as indicated. 
Statistical significance was considered at P values < 
0.05. 

3. Results 

3.1. cr 1 Receptors regulate dopamine release 

Release stimulated by a 2 min exposure to 25 /zM 
N M D A  was 8.5 + 0.96% (n = 34) of total radiolabeled 
dopamine at the onset of the initial stimulation inter- 
val. The ~r receptor agonist BD737 inhibited NMDA- 
stimulated [3H]dopamine release from rat striatal slices 
in a concentration-dependent manner (Fig. 1). BD737 
inhibited approximately 40% of NMDA-stimulated 
[3H]dopamine release, with an apparent IC50 of ap- 
proximately 1.0 nM, over the concentration range tested 
(0.1-100 nM). In some experiments, concentrations of 
BD737 above 100 nM were also tested and produced a 
similar inhibition of stimulated release (500 nM BD737, 
54 + 3.7% of stimulated release (n = 3); 1/~M BD737, 
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Fig. 1. Effects of BD737 on NMDA-stimulated [3H]dopamine re- 
lease from rat striatal slices in the absence and presence of DuP 734. 
Data are expressed as % control stimulated release above baseline. 
Release of [3H]dopamine was stimulated by 25 t~M NMDA in the 
presence of increasing concentrations of BD737 in the absence (.) or 
in the presence of 100 nM DuP 734 (o). Statistical analyses were 
performed on untransformed data ($2/Sl). $2/S1 for control was 
0.57 (S.E.M. = 0.020). ANOVA indicated a significant inhibition of 
NMDA-stimulated [3H]dopamine release by increasing concentra- 
tions of BD737 (P = 0.0001). Inhibition of stimulated release was 
significant by Dunnett's at BD737 concentrations of 1 nM 
(q0.05,(2),38,3 = 2.593), 10 n M  (q0.01,(2),38,4 = 6.228), 50 n M  (q~).01.(2)3S,5 
= 6.024) and 100 n M  (q~).01,(2),38,6 = 6.016) (n = 4-6). * Post-hoc t- 
tests indicated significant differences between control and DuP 734 
addition at BD737 concentrations of 1 nM, 10 nM, 50 nM and 100 
nM( * P < 0.05) (n = 3). 

59 + 3.7% of stimulated release, (n = 11)). The effects 
of the o" 1 receptor antagonist DuP 734 on BD737- 
mediated inhibition of stimulated release were also 
examined. Although DuP 734 has no effect on stimu- 
lated release in the absence of BD737 (Gonzalez-Al- 
vear and Werling, 1994), it completely antagonized 
inhibition of NMDA-stimulated [3H]dopamine release 
by all concentrations of BD737 tested (Fig. 1). 

K-Opioid receptor agonists have been shown to in- 
hibit NMDA-stimulated [3H]dopamine release from 
rat striatum (Werling et al., 1990). Since BD737 is a cis 
isomer of the K-opioid receptor agonist trans-3,4-di- 
chloro-N-methyl-N[2-(1-pyrrolidinyl)cyclohexyl]ben- 
zeneacetamide methanesulfonate hydrate (U50,488), 
the ability of the opioid receptor antagonist naloxone 
to antagonize the BD737-mediated inhibition of re- 
lease was also investigated in order to evaluate any 
potential opioid receptor contribution. A 1 /zM con- 
centration of naloxone failed to reverse the inhibition 
of release produced by 1 ~ M  BD737 (BD737, 56___ 
8.2% of stimulated release; BD737 and naloxone, 64 + 
5.7% of stimulated release (n = 4)). 

3.2. Reversal of  ~1 receptor-mediated inhibition of  
dopamine release 

o- Ligands that have been identified as ~r receptor 
antagonists in other systems were assessed for antago- 
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Table 1 
Lack of effect of potential o- receptor antagonists on NMDA-s t imu-  
lated release of [3H]dopamine from rat striatal slices 

Stimulus [or drug] % Control n 
st imulated 
releaes 

N M D A  (25/xM) - 100 +_ 7.5 4 
N M D A  (25 tz M) D T G  (100 nM) 100 + 6.6 3 
N M D A  (25/xM) Halperidol (100 nM) 100 +_ 8.1 4 

Release was st imulated by N M D A  in the presence or absence of o- 
receptor ligand as indicated. Resul ts  are mean  values for triplicate 
determinat ions in each n experiments.  See Materials and methods  
for additional details. 

nist properties in our bioassay. Concentrations tested 
for each potential antagonist were as follows: haloperi- 
dol, 100 nM; DTG, 100 nM; BD1008, 10 nM. Concen- 
trations were chosen to occupy greater than 50% of 
receptors based on their respective reported affinities 
for or receptors (haloperidol: g i for tr I = 1.9 nM, K i 

for tr 2 = 80 nM, Vilner and Bowen, 1992; DTG: K i for 
o- 1 = 12 nM, K i for 0- 2 = 38 nM, Walker et al., 1990; 
BD1008, K i = 1.24 nM (unspecified for subtype), Vil- 
ner et al., 1995). Neither haloperidol nor DTG had any 
effect on NMDA-stimulated [3H]dopamine release in 
the absence of a o- receptor agonist (Table 1). 
Haloperidol, D T G  and BD1008 completely antago- 
nized the inhibition of stimulated release produced by 
50 nM concentration of BD737 (Fig. 2). 

We further evaluated the antagonist properties of 
these compounds by examining their effects on the 
inhibition of NMDA-stimulated [3H]dopamine release 
by (+)-pentazocine.  A 500 nM concentration of (+ ) -  
pentazocine inhibited approximately 40% of stimulated 
release (Fig. 3). Haloperidol (100 nM) and DTG (100 
nM) completely reversed the inhibition of NMDA- 
stimulated [3H]dopamine release by (+)-pentazocine 
(Fig. 3). We have previously shown that BD1008 pro- 
duced complete reversal of (+)-pentazocine-mediated 
inhibition of release (Gonzalez-Alvear and Werling, 
1994). 

3.3. o" 1 Receptor localization on dopaminergic nerve ter- 

minals 

The inhibitory effects of BD737 and (+) -penta-  
zocine on NMDA-stimulated [3H]dopamine release 
from rat striatal slices were examined in the presence 
of tetrodotoxin, an inhibitor of action potential propa- 
gation (Narahashi et al., 1964). A 100 /zM concentra- 
tion of NMDA was chosen as a standard stimulus in 
these experiments in order to produce reliable stimula- 
tion of dopamine release, since a fraction of NMDA- 
stimulated release is tetrodotoxin-sensitive (Jacocks and 
Cox, 1992). Release evoked by a 2 min exposure to 100 
/xM N MDA in the presence of tetrodotoxin was 7.8 + 
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Fig. 2. Effects of  putative tr receptor antagonists  on inhibition of 
NMDA-st imula ted  [3H]dopamine release by BD737. Release was 
st imulated by 25 jzM N M D A  in the presence ( + )  or absence ( - )  of  
BD737 (50 nM), haloperidol (100 nM), D T G  (100 nM) or BD1008 
(10 nM) as indicated. Data  are expressed as % control st imulated 
release above baseline. Statistical analysis was performed on untrans- 
formed data ($2/S1).  Trea tment  groups were found to differ by 
A N O V A  (P  < 0.0005). * Inhibition of st imulated release signifi- 
cantly different from control s t imulated release by Dunne t t ' s  
(q~).05,(2),7,2 = 3.313). t Significantly different from inhibition by BD737 
by Dunnet t ' s :  haloperidol, q0.05,(2),7,2 = 2.508; DTG,  q0.05,(2),7,2 = 2.82; 

t BD1008, q0.01,(2),7,2 - 3.518 (n = 4). 

2.2% (n = 3). In our study, tetrodotoxin (1 /zM) failed 
to affect the inhibitory actions of BD737 (1 /zM) and 
(+ ) -pen tazoc ine  (1 /zM) on NMDA-st imula ted  
[3H]dopamine release from rat striatal slices (Fig. 4), 
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Fig. 3. Effects of  putative tr antagonists on inhibition of NMDA-  
stimulated [3H]dopamine release by (+)-pentazocine.  Release was 
st imulated by 25 /zM N M D A  in the presence ( + )  or absence ( - )  of 
(+) -pentazocine  (500 nM), haloperidol (100 nM) or D T G  (100 nM) 
as indicated. Data  are expressed as % control st imulated release 
above baseline. Statistical analysis was performed on untransformed 
data ($2/S1).  Trea tment  groups were found to differ by A N O V A  
(P  = 0.0001). * Significantly different from no inhibitor by Dunnet t ' s  
(qto.Ol,(2),ll, 2 = 5.676). * Significantly different from (+)-pentazocine  
inhibition of st imulated release by Dunnet t ' s :  haloperidol, q0.01,(2),11,2 
= 4.036; DTG,  q~.01,(2~,s,2 = 4.504 (n = 6). 
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NMDA (+)Pentazocine BD737 

Fig. 4. Lack of effect of  tetrodotoxin on inhibition of NMDA-s t imu-  
lated [3H]dopamine release from striatal slices by BD737 and ( + ) -  
pentazocine. Data  are expressed as ratio of  [3H]dopamine released 
during $2 over that released during S1 (Avg S2/SI_+S.E.M.).  Re- 
lease was st imulated by 100 IxM N M D A  in the  presence or absence 
of BD737 (1 p.M) or (+) -pentazoc ine  (1 p-M) a n d / o r  tetrodotoxin (1 
/~M) as indicated. Trea tment  groups were found to differ by A N O V A  
(P  < 0.05). * Significantly different from control st imulated release 
by Dunnet t ' s :  (+)-pentazocine ,  qb.01,(z),s,2 = 3.616; BD737, q0.01,(2),s,3 
= 4.125. * Significantly different from matched  control by Dunnet t ' s :  
( + )-pentazocine, q~.01,(2),s,2 = 3.387; BD737, q~).05,(2),8,3 = 3.45 (n = 3). 

suggesting that 0"1 receptors are located on dopaminer- 
gic nerve terminals. 

4. Discussion 

The 0- receptor agonist BD737 inhibited NMDA- 
stimulated [3H]dopamine release in a concentration- 
dependent,  monophasic manner. BD737, a c/s dia- 
s tereomer of the K-opioid receptor agonist U50,488, 
binds to both 0-1 and o- 2 receptors, with K i values of 
approximately 1.5 nM (Bowen et al., 1992) and 502 nM 
(Rothman et al., 1990) respectively. Cis diastereomers 
of U50,488 display high affinities for 0- receptors with 
little affinity at other receptor types (De Costa et al., 
1989). At the highest concentration tested (100 nM), 
BD737 should produce total occupancy (99%) of 0-1 
receptors and only about 16% occupancy of 0-2 sites. 
The IC50 observed for BD737-mediated inhibition of 
NMDA-stimulated dopamine release was approxi- 
mately 1.0 nM. Therefore,  over the concentration range 
tested,  BD737 inhibition of NMDA-s t imula ted  
dopamine release is most likely mediated via 0-1 recep- 
tors. Furthermore,  BD737-mediated inhibition of 
dopamine release was fully reversible by the 0-1 recep- 
tor antagonist DuP 734. A 100 nM concentration of 
DuP 734 was chosen based on its affinity for the 0-1 
receptor ( K  i = 10 nM)(Culp et al., 1992; Tam et al., 
1992). At this concentration, DuP 734 should produce 
almost total occupancy (91%) of 0-1 receptors. DuP 734 
has no effect on NMDA-stimulated [3H]dopamine re- 
lease in the absence of a 0- receptor agonist 
(Gonzalez-Alvear and Werling, 1994). These findings 

d e m o n s t r a t e  r egu la t ion  of  N M D A - s t i m u l a t e d  
dopamine release in striatum by 0" 1 receptors. 

We also tested the ability of the putative non-sub- 
type-selective o- receptor antagonists haloperidol, DTG 
and BD1008 to reverse the 0- receptor agonist-media- 
ted inhibition of stimulated dopamine release. Neither 
haloperidol nor D TG  had any effect on NMDA-stimu- 
lated [3H]dopamine release, suggesting that neither 
acted as a o- receptor agonist in our system. We have 
previously shown that BD1008 has no effect on 
NMDA-stimulated [3H]dopamine release in the ab- 
sence of a or receptor agonist (Gonzalez-Alvear and 
Werling, 1994). Haloperidol, D T G  and BD1008 com- 
pletely antagonized inhibition of dopamine release by 
BD737. The effects of these compounds on (+)-penta-  
zocine-mediated inhibition of dopamine release were 
also investigated. We have previously shown full con- 
centration curves for inhibition of NMDA-stimulated 
[3H]dopamine release from rat striatal slices by (+ ) -  
pentazocine (Gonzalez-Alvear and Werling, 1994). 
Concentrations of (+)-pentazocine below 1 /xM pro- 
duce approximately a 40% inhibition of dopamine re- 
lease which appears to be 0-1 receptor mediated. At 
concentrations above 1/zM, (+)-pentazocine also binds 
to the phencyclidine receptor. Therefore,  a 500 nM 
concentration of (+)-pentazocine was chosen in order 
to minimize any possible phencyclidine receptor in- 
volvement as well as produce maximal inhibition of 
stimulated release through tr receptors. At this con- 
centration, (+)-pentazocine should produce approxi- 
mately 99% occupancy of 0-1 receptors and approxi- 
mately 50% occupancy of 0-2 receptors. It has previ- 
ously been shown that (+)-pentazocine-mediated inhi- 
bition of dopamine release is reversible by BD1008 
(Gonzalez-Alvear and Werling, 1994). Both haloperi- 
dol and D T G  fully antagonized the inhibition of re- 
lease by ( + )-pentazocine. Since haloperidol, DTG, and 
BD1008 have affinity for both 0- receptor subtypes, the 
antagonism of 0- receptor agonist-mediated inhibition 
of release by these compounds may be through actions 
at both 0-1 and 0"z receptors. However, since the inhi- 
bition of NMDA-stimulated [3H]dopamine release ap- 
pears to be primarily 0"1 receptor-mediated, the action 
of these tr ligands is most likely via antagonism at 0-1 
sites. 

Since BD737 is a derivative of K-opioid receptor 
agonist and opioid receptor agonists have been previ- 
ously shown to inhibit NMDA-stimulated [3H]dopa- 
mine release from rat striatum (Werling et al., 1990), 
we examined the ability of the opioid receptor antago- 
nist naloxone to reverse the BD737-mediated inhibi- 
tion of dopamine release. Naloxone failed to reverse 
the inhibition of dopamine release by BD737. ( + )-Pen- 
tazocine inhibition of NMDA-stimulated dopamine re- 
lease in striatal slices is also not affected by naloxone 
(Gonzalez-Alvear and Werling, 1994). The lack of an- 
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tagonism by na loxone  of the inhibi t ion  of N M D A -  
s t imula ted  [3H]dopamine  release by these tr agonists 
suggests a lack of opioid receptor  involvement .  

The  cel lular  localizat ion of o- 1 receptors  regulat ing 
dopamine  release was also investigated. We  repea ted  
exper iments  test ing inhibi t ion  by both  BD737 and  
( + ) - p e n t a z o c i n e  in the presence  of te trodotoxin.  Ac- 
t ion potent ia l  p ropaga t ion  is p reven ted  by te t rodotoxin 
th rough blockade of sodium channels  (Narahashi  et al., 
1964). If  a Or receptor  agonist  produces  an inhibi tory 
effect on N M D A - s t i m u l a t e d  dopamine  release in the 
presence  of te t rodotoxin,  this would suggest that  act ion 
potent ia l  p ropaga t ion  through a funct ional  i n t e r n e u r o n  
was unnecessary  for its actions. Therefore ,  the receptor  
could be localized to the dopaminerg ic  nerve terminal .  
Both o- receptor  agonists BD737 and  ( + ) - p e n t a z o c i n e  
were capable  of inhibi t ing dopamine  release in the 
presence  of te t rodotoxin,  implying that  act ion potent ia l  
p ropaga t ion  was not  essential  for tr t receptor  activa- 
t ion to inhibi t  d o p a m i n e  release from striatal dopamin-  
ergic neurons .  Thus,  or 1 receptors  involved in the regu- 
la t ion of dopamine  release from st r ia tum appear  to be  
localized to dopaminerg ic  nerve terminals .  This  asser- 
t ion is suppor ted  by G u n d l a c h  et al. (1986) who 
demons t r a t ed  that  6-hydroxydopamine lesions of stri- 
atal dopaminerg ic  neu rons  p roduced  a decrease  in tr 
receptor  density. Approximate ly  20% of the total  num-  
ber  of c~ receptors  were localized on  dopaminerg ic  
nerve  terminals .  

In  summary,  we have demons t r a t ed  a funct ional  role 
for tr I receptors,  namely  to regulate  N M D A - s t i m u -  
lated dopamine  release in str iatum. This is one  of the 
first ass ignments  of a def ined  role for subtypes of ~r 
receptors.  Fu r the rmore ,  we have localized these sites 
to dopaminerg ic  nerve te rminals  in the str iatum, Since 
striatal dopaminerg ic  activity is crucial for p roper  mo- 
tor funct ion,  0-1 receptors  are po ten t ia l  therapeut ic  
targets in motor  disorders  due to striatal dopamine  
imbalance.  
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