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Abstract 

 Previous studies have demonstrated that peptidic and nonpeptidic delta-opioid 

receptor agonists have different effects depending on the measure.  For example, 

nonpeptidic delta-opioid agonists, but not peptidic agonists, produce convulsions in rats, 

and in vitro studies suggested that peptidic and nonpeptidic delta-opioid agonists might 

have differential mechanisms of receptor downregulation.  The present study evaluated 

potential differences between peptidic and nonpeptidic delta-opioid agonists in their 

ability to activate G proteins using [35S]GTPγS autoradiography experiments in rat brain 

slices.  The peptidic agonist DPDPE and the nonpeptidic agonist (+)BW373U86 

demonstrated concentration-dependent increases in [35S]GTPγS binding that were 

attenuated by the delta-opioid antagonist naltrindole.  (+)BW373U86 was more potent 

and efficacious than the peptidic agonist, and this difference remained consistent across 

brain regions where significant stimulation was observed.  In addition, multiple delta-

opioid compounds were evaluated for their agonist activity in this assay.   These data 

suggested that differences between peptidic and nonpeptidic delta-opioid agonists in 

behavioral studies were most likely caused by differences in agonist efficacy.  Finally, 

these data also revealed that [35S]GTPγS autoradiography could be used to compare 

efficacy differences among agonists across various brain regions in rat brain slices. 
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Introduction 

The delta-opioid receptor is a member of the seven transmembrane G protein- 

coupled receptor superfamily and is coupled to inhibitory G proteins.  Activation of this 

receptor induces many physiological and behavioral effects ranging from antinociception, 

potential changes in mood, modulation of the digestive system, and sensory perception.  

A number of peptidic and nonpeptidic delta-opioid receptor-selective compounds have 

been used to characterize the in vitro and in vivo effects of delta-opioid receptor 

activation; however, few studies have directly compared these compounds in terms of 

agonist efficacy (e.g., Chang et al., 2004). 

Delta agonist efficacy can be determined at the level of receptor-G protein 

interaction by measuring agonist-stimulated binding of the nonhydrolyzable GTP analog, 

[35S]GTPγS.  The peptidic delta-opioid agonists [D-Pen2, D-Pen5]enkephalin (DPDPE) 

and pCl-DPDPE stimulated similar levels of [35S]GTPγS binding as the nonpeptidic 

delta-opioid agonist SNC80 in CHO cells expressing the human delta-opioid receptor, 

suggesting equivalent efficacies (Xu et al., 2001; Quock et al., 1997, respectively).  In 

contrast, in C6 cells stably expressing the rat delta-opioid receptor, Clark et al. (1997) 

reported that DPDPE and pCl-DPDPE were less efficacious than SNC80.  The peptidic 

delta-opioid agonist deltorphin II produced similar levels of stimulation as DPDPE, and 

nonpeptidic agonists oxymorphindole (OMI) and spiroindanyloxymorphone (SIOM) 

were very weak agonists (Clark et al., 1997).  Likewise, in [35S]GTPγS binding assays in 

mouse brain homogenates (Hosohata et al., 2000) and guinea pig caudate membranes 

(Thomas et al., 1999), DPDPE was less efficacious than SNC80.     
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 Behavioral experiments have shown differences and similarities between peptidic 

and nonpeptidic delta-opioid agonists depending on the test.  For example, peptidic and 

nonpeptidic agonists have antinociceptive properties in hyperalgesia assays and allodynia 

models in mice (Wild et al., 1993; Hong et al., 1998; Broom et al., 2002c) and rats 

(Kovelowski et al., 1999; Fraser et al., 2000).  In rhesus monkeys, nonpeptidic delta-

opioid agonists demonstrated antinociceptive effects under conditions of chemically-

induced hypersensitivity (Butelmen et al., 1995; Brandt et al., 2001), although these data 

lack comparisons with peptidic delta-opioid agonists.  Also, intracerebroventricular 

(i.c.v) administration of SNC80 or deltorphin II produced similar profiles of locomotor 

activity in rats (Fraser et al., 2000a).   

In contrast, nonpeptidic delta-opioid agonists produce overt convulsions in mice 

(Comer et al., 1993a; Hong et al., 1998), rats (Broom et al., 2002a; Broom et al., 2002b), 

and monkeys (Dykstra et al., 1993; Negus et al., 1994; Pakarinen et al., 1995); however, 

peptidic delta-opioid agonists did not produce observable convulsions, but produced 

epileptic discharges that were associated with myoclonic contractions, wet dog shakes, 

and loss of balance in rats (Haffmans and Dzoljic, 1983; DeSarro et al., 1992).  Similarly, 

in pigeons trained to discriminate the nonpeptidic delta-opioid agonist BW373U86, 

DPDPE and DSLET did not substitute completely for BW373U86 (Comer et al., 1993b);  

likewise, in pigeons trained to discriminate i.c.v. injections of DPDPE, BW373U86 only 

partially generalized (Jewett et al., 1996).   

 One rationale for at least some of the observed differences between peptides and 

nonpeptides is that different agonists may have class-specific interactions with the delta-

opioid receptor (Okura et al., 2003).  For example, delta ligands may differentially 
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activate delta-opioid receptor sites in different brain regions, thus producing different 

behavioral effects.  One caveat to this hypothesis could be that peptidic and nonpeptidic 

delta-opioid agonists may differ in efficacy.   

 To address these issues, the present study investigated the effects of peptidic and 

nonpeptidic delta-opioid agonists on G protein activation in rat brain slices as measured 

by stimulation of [35S]GTPγS binding.  These compounds were compared in terms of 

agonist efficacy as well as regional binding throughout the rat brain.  Previous work with 

delta-opioid agonists in [35S]GTPγS autoradiography experiments used mainly DPDPE or 

pCl-DPDPE to stimulate G protein activation (Sim et al., 1996a; Park et al., 2000; Sim-

Selley et al., 2002), and one study investigated the effects of SNC80 and related 

compounds on [35S]GTPγS binding in rat brain slices (Jutkiewicz et al., 2004).  

Comparing across studies, the nonpeptidic delta-opioid agonists appear to stimulate 

[35S]GTPγS binding to a greater extent than DPDPE.  However, at present, no direct 

comparisons have been made between peptidic and nonpeptidic delta-opioid agonists in 

[35S]GTPγS autoradiography studies.  Therefore, this study compared efficacy and 

regional differences between the peptidic delta-opioid agonist DPDPE and the active 

isomer of the nonpeptidic agonist (+)BW373U86 in their ability to stimulate [35S]GTPγS 

binding.  Overall, (+)BW373U86 was more potent and efficacious than DPDPE in 

stimulating [35S]GTPγS binding.  Consequently, DPDPE produced very low, if any, 

stimulation of G protein binding in brain regions with lower delta-opioid receptor 

expression.  Finally, delta-opioid agonists can be rank ordered by efficacy using 

[35S]GTPγS autoradiography. 
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Methods 

Subjects   

Male Sprague-Dawley rats (250-350g) were obtained from Harlan Sprague 

Dawley (Indianapolis, IN) and housed in groups of three rats per cage.  All animals were 

fed on a standard laboratory diet and maintained on a 12 h light/dark cycle with lights on 

at 6:30 AM at an average temperature of 21oC.  Studies were performed in accordance 

with the Declaration of Helsinki and with the Guide for the Care and Use of Laboratory 

Animals as adopted and promulgated by the National Institutes of Health.  The 

experimental protocols were approved by the University of Michigan University 

Committee on the Use and Care of Animals. 

 

Agonist-stimulated [35S]GTPγS autoradiography 

 Agonist-stimulated [35S]GTPγS autoradiography was performed as previously 

described (Sim et al., 1995).  Naïve rats were decapitated and brains were removed and 

fresh frozen in 2-methylbutane (Sigma, St Louis, MO) on dry ice.  Coronal sections (20 

µm) were cut in either level of the caudate putamen (+ 1.00 mm rostral to bregma) or 

throughout the whole brain on a cryostat maintained at –18ºC, mounted on gelatin-subbed 

slides, and stored at -80ºC for less than four weeks until use.  Coronal sections were 

rinsed in TME buffer (50 mM Tris-HCl, 3 mM MgCl2, 0.2 mM EGTA, 100 mM NaCl, 

0.1% BSA, pH 7.4) at room temperature for 10 min.  Following this first incubation, 

slices were incubated in TME buffer containing 2 mM GDP and 9.5 mU/ml adenosine 

deaminase for 15 min at room temperature.  Then, slices were incubated in TME buffer 

with 2 mM GDP, 9.5 mU/ml adenosine deaminase, 0.04 nM [35S]GTPγS, with or without 
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varying concentrations of an agonist (DPDPE or (+)BW373U86) or 10 µM of an 

selective delta-opioid agonist or 10µM cold GTPγS (to determine non-specific binding) 

for 2 h at room temperature.  In some experiments, slices were incubated in TME buffer 

with GDP, adenosine deaminase, 0.04 nM [35S]GTPγS, and 10 nM of the selective delta-

opioid antagonist naltrindole or vehicle for 30 min before they were incubated with 

varying concentrations of agonist.  After the 2 h incubation with agonist (or no agonist), 

slices were rinsed twice for 2 min in cold 50 mM Tris buffer (pH 7.4) and once in 

distilled water for 1 min.  Slides were air-dried for a few hours and exposed to film for 48 

h in film cassettes together with 14C standards (Amersham Biosciences, NJ, USA).  

Images were digitized and densitometric analysis was conducted using NIH Image J 

software.  Compounds were tested on duplicate slices at the level of the caudate putamen 

from six rats or one regional slice per rat from 7-8 rats.  Brain structures were identified 

by reference to the stereotaxis atlas by Paxinos and Watson (1986).    

 

Data Handling and Statistical Analysis 

Density values were averaged for each drug condition depending on the brain 

region tested.  Nonspecific binding for each brain region was subtracted from the basal 

and drug-treated values.  Then, drug-induced changes in [35S]GTPγS binding were 

calculated as percent stimulation over basal for each brain region and/or condition tested.  

DPDPE-induced binding (10 µM) were compared to (+)BW373U86-induced binding (1 

nM and 10 µM) with a One-way ANOVA and significant differences were analyzed 

using Tukey’s post hoc test (GraphPad Prism Software).  For dose concentration curves, 
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EC50 and maximum stimulation values for DPDPE and (+)BW373U86 were also 

compared with a Student’s T-test (GraphPad Prism Software).      

  

Drugs   

[(+)-4-[α(R)-α-[(2S,5R)-2,5-dimethyl-4-(2-propenyl)-1-piperazinyl]-(3-

hydroxyphenyl)methyl]-N,N-diethylbenzamide ((+)BW373U86) and [(+)-4-[α(R)-α-

[(2S,5R)-2,5-dimethyl-4-(2-propenyl)-1-piperazinyl]-(3-methoxyphenyl)methyl]-N,N-

diethylbenzamide (SNC80) were synthesized as previously described (Calderon et al., 

1994).  [D-Pen2, D-Pen5]enkephalin (DPDPE) was kindly donated by Dr. Henry 

Mosberg.  TAN67 (2-methyl-4aa-(3-hydroxyphenyl)-1,2,3,4,4a,5,12,12aα-

octahydroquinolino[2,3,3-g]isoquinoline dihydrobromide (SB205607)) was obtained 

from Tocris (Ellisville, MO).  Naltrindole (NTI) and deltorphin II were obtained from 

NIDA.  Oxymorphindole (OMI) and spiroindinooxymorphone (SIOM) were synthesized 

as previously described (Portoghese et al., 1990; Portoghese et al., 1993; respectively).  

(+)BW383U86, DPDPE, OMI, SIOM, TAN67, and NTI were dissolved in sterile water.  

SNC80 was dissolved in 8% 1M HCl.   

 

Results 

 

Concentration-effect curves were determined in caudate putamen slices of naïve 

rats for the peptidic delta-opioid agonist DPDPE and the nonpeptide (+)BW373U86 (Fig. 

1).  Both compounds show concentration-dependent increases in [35S]GTPγS binding.  

The EC50 values for DPDPE and (+)BW373U86 with vehicle NTI pretreatment (sterile 
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water) were 0.49 µM and 1.1 nM, respectively.  Maximum stimulation values (± S.E.M.) 

for DPDPE and (+)BW373U86 were 131.4% (± 6.5) and 187.8% (± 4.4) over basal, 

respectively.   

 With a 30-min pretreatment of 10 nM NTI, the concentration-effect curves were 

shifted to the right for both compounds (Fig. 1).  With (+)BW373U86, the curve was 

shifted approximately 1000-fold to the right with an EC50 (± S.E.M.) of 0.92 µM (± 

0.27).  With DPDPE, treatment with the antagonist shifted the curve approximately 100-

fold to the right; however, an EC50 could not be determined.  

      DPDPE- and (+)BW373U86-induced [35S]GTPγS binding was compared in 

different regions throughout the brain at nearly equi-effective concentrations as 

determined in the previous experiment (Fig. 2).  DPDPE (10 µM) and (+)BW373U86 (1 

nM) were compared in the frontal cortex (FrCtx), prelimbic cortex (PCtx), cingulate 

cortex (CCtx), nucleus accumbens (NAcc), caudate putamen (CP), hippocampus (HPC), 

amygdala (Amyg), piriform cortex (PirCtx), thalamus (Thal), hypothalamus (Hypothal), 

substantia nigra (SN), periaqueductal gray (PAG), and pontine nuclei (PN).  These 

concentrations of DPDPE and (+)BW373U86 did not stimulate [35S]GTPγS binding 

above basal values in the hippocampus, thalamus, hypothalamus, periaqueductal gray.  

The frontal cortex was the only region in which 1 nM (+)BW373U86 significantly 

stimulated (p<0.05) [35S]GTPγS binding above levels produced by 10 µM DPDPE 

(F(2,19)=6.85, p=0.006).  Although the effects were not significant, (+)BW373U86 

might produce a trend to stimulate more [35S]GTPγS binding than DPDPE in the 

cingulate cortex, caudate putamen, and the pontine nuclei.  DPDPE and (+)BW373U86 
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produce nearly equivalent levels of G protein stimulation in the prelimbic cortex, nucleus 

accumbens, amygdala, piriform cortex, and the substantia nigra.   

The mean optical density values (± S.E.M.) for 10 µM DPDPE-, and 1 nM 

(+)BW373U86-stimulated [35S]GTPγS binding together with basal- and NSB-stimulated 

[35S]GTPγS binding are displayed in table 1.  [35S]GTPγS binding for the basal condition 

is expressed also as nCi/g (+ S.E.M.) in table 1.  Basal stimulation was relatively similar 

in all brain regions, except the amygdala and hypothalamus had slightly higher basal 

levels and the pontine nucleus had lower basal levels.  High basal stimulation in the 

amygdala and the hypothalamus has been reported previously (Sim et al., 1996b).  Non-

specific binding was low in all brain regions.   

 Following the previous experiment, a supramaximal concentration of 10 µM 

(+)BW373U86 was used to stimulate [35S]GTPγS binding in the same regions of the rat 

brain (Fig. 3).  This higher concentration of (+)BW373U86 generated higher levels of 

[35S]GTPγS binding in many brain regions as compared to DPDPE.  10 µM 

(+)BW373U86 produced more G protein stimulation than DPDPE in the frontal cortex 

(p<0.05) (F(2,19)=6.85, p<0.006), prelimbic cortex (p<0.01) (F(2,19)=6.46, p=0.007), 

caudate putamen (p<0.01) (F(2,19)=7.16, p=0.005), cingulate cortex (p<0.05) 

(F(2,19)=5.65, p=0.01), thalamus (p<0.05) (F(2,19)=6.73, p=0.006), and pontine nuclei 

(p<0.05) (F(2,19)=4.79, p<0.05).  In the hippocampus, the difference in [35S]GTPγS 

binding between 10 µM DPDPE, 1 nM (+)BW373U86, and 10 µM (+)BW373U86 was 

significant (F(2,19)=3.78, p=0.042); however, this difference was not large enough to be 

identified by post hoc test.  Nevertheless, 10 µM (+)BW373U86 stimulated binding to 

125% of basal as compared to the lower concentration of (+)BW373U86 and DPDPE that 
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did not stimulate binding in the hippocampus to any extent.  In addition, the high 

concentration of (+)BW373U86 increased [35S]GTPγS binding in the thalamus as 

compared to that produced by 1 nM (+)BW373U86 (p<0.01) (F(2,19)=6.73, p=0.006).  

Besides the hippocampus and thalamus, differences in [35S]GTPγS binding were not 

statistically significant between 1 nM (+)BW373U86 and 10 µM (+)BW373U86 in any 

other brain region.   

 A concentration effect curve for (+)BW373U86 was also obtained for the frontal 

cortex.  In the frontal cortex, the (+)BW373U86 was shifted 3-fold to the left of the 

(+)BW373U86 curve in the caudate putamen (Fig. 4) with an EC50 value of 0.33 nM (± 

0.06).  Concentration effect curves were obtained for the frontal cortex and caudate 

putamen only because large increases in [35S]GTPγS binding could be determined; 

however, most brain regions lacked these large stimulation levels needed to determine 

reliable concentration curves.   

   The levels of GTPγS binding as percent of basal (± S.E.M.) were compared in the 

caudate putamen for a number of delta-opioid agonists at a concentration of 10 µM: 

(+)BW373U86, SNC80, the putative delta-2 agonist deltorphin II, the putative delta-1 

agonist DPDPE, TAN67, OMI, or SIOM (Fig. 5).  (+)BW373U86 produced the greatest 

levels of [35S GTPγS binding at 205% (± 5), followed by SNC80 at 177% (± 4), 

deltorphin II at 152% (± 8), DPDPE at 147% (± 4), TAN67 at 141% (± 6), OMI at 123% 

(± 4), and SIOM at 104% (± 5).  Also, 30 min pretreatment with 10 µM OMI or SIOM 

blocked (+)BW3737U86-induced increases in [35S]GTPγS binding, lowering stimulation 

levels to 117 (± 3.8) and 110 (± 2.3), respectively (Fig. 6).    
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Discussion 

The present study investigated the effects of peptidic and nonpeptidic delta-opioid 

agonists on [35S]GTPγS binding in rat brain slices.  The peptidic agonist DPDPE and the 

nonpeptidic agonist (+)BW373U86 stimulated [35S]GTPγS binding in a concentration-

dependent manner in brain slices from the caudate putamen.  This stimulation was 

mediated through the delta-opioid receptor as the concentration effect curves were shifted 

to right following treatment with the selective delta-opioid receptor antagonist NTI.  The 

nonpeptidic agonist (+)BW373U86 was more potent and efficacious than the peptidic 

agonist DPDPE.  Previous research has also found potency and efficacy differences in 

[35S]GTPγS binding in striatal slices of rat brains with some nonpeptidic delta-opioid 

agonists (Jutkiewicz et al., 2004) as well as with the mu-opioid agonists morphine and 

DAMGO (Sim et al., 1996b). 

Equi-efficacious concentrations of (+)BW373U86 (1 nM) and DPDPE (10 µM), 

determined from the initial experiments in caudate putamen slices, were compared across 

various brain regions.  (+)BW373U86 at a concentration of 1 nM produced statistically 

significant increases in [35S]GTPγS binding as compared to 10 µΜ DPDPE in the frontal 

cortex only.  Based on these data, it appeared that (+)BW373U86 might be more potent 

in the frontal cortex than in the caudate putamen; indeed the concentration curve was 

shifted 3-fold to the left of that determined in the caudate putamen.  Although many 

regions demonstrated a trend to see higher G protein activation with (+)BW373U86 than 

DPDPE, a number of regions had little or no [35S]GTPγS activation following treatment 

with these concentrations of agonists.  Therefore, [35S]GTPγS stimulation was measured 

following incubation with a supramaximal concentration, 10 µM (+)BW373U86.  These 
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results demonstrated that the nonpeptidic delta-opioid agonists (+)BW373U86 was more 

efficacious than DPDPE in many brain regions, including the frontal cortex, prelimbic 

cortex, caudate putamen, cingulate cortex, thalamus, and pontine nuclei.  In addition, 10 

µM (+)BW373U86 stimulated [35S]GTPγS binding in the hippocampus whereas the 

lower concentration of (+)BW373U86 and 10 µM DPDPE did not.  Overall, the degree of 

[35S]GTPγS binding was well-correlated with delta-opioid receptor expression levels in 

different brain regions (Mansour et al., 1995).  

The differences between the peptidic agonist DPDPE and nonpeptidic agonist 

(+)BW373U86 remained relatively consistent throughout the brain, such that DPDPE 

never caused more G protein activation than (+)BW373U86 in any region of the brain.  

These findings suggest that behavioral disparities between peptidic and nonpeptidic 

compounds may be attributable to efficacy differences between the compounds or classes 

of compounds and may not be caused by other functional differences among the 

compounds in various brain regions.  For example, the hippocampus is thought to be the 

initiation site for delta-opioid agonist-induced convulsions.  Although peptidic delta 

agonists were demonstrated to produce changes in electrocorticographic recording, these 

compounds do not produce apparent convulsions (Haffman and Dzoljic, 1983; Tortella et 

al., 1984; Stutzmann et al., 1986; DeSarro et al., 1992); however, nonpeptidic delta-

opioid agonists produce both electrocorticographic changes (seizures) and resultant 

convulsions (Marrosu et al., 1997; Broom et al., 2002b).  In the current studies, 

(+)BW373U86, but not DPDPE stimulated [35S]GTPγS binding in the hippocampus.  

These data suggest that high efficacy agonist activity may be required for the 
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manifestation of convulsions; therefore, only the more efficacious nonpeptidic delta-

opioid agonists would induce convulsions.  

Peptidic and nonpeptidic delta-opioid agonists produced similar antinociceptive 

effects in rats when administered i.c.v. (Fraser et al., 2000b).  However, central 

administration of some peptidic and nonpeptidic delta-opioid agonists was shown to 

produce antinociceptive effects that were mediated through non-delta-opioid receptor-

mediated mechanisms (Fraser et al., 2000b; Wild et al., 1993).  Therefore, it may be 

difficult to compare delta-opioid agonist efficacy by this route of administration.  Also, 

the type of assay used to measure antinociception can alter the effectiveness of delta-

opioid agonists.  For example, in monkeys, nonpeptidic delta-opioid agonists 

demonstrated little or no antinociceptive effects in tail-withdrawal assays, but were 

effective antinociceptive ligands in chemically-induced hypersensitivity experiments 

(Butelman et al., 1995; Brandt et al., 2001).  These data suggest that delta-opioid agonists 

acting at delta-opioid receptors in regions involved in analgesia, such as the thalamus and 

PAG, might only produce antinociceptive effects in assays with low efficacy 

requirements.  Likewise, in the current data, DPDPE and (+)BW373U86 produced low, if 

any, [35S]GTPγS stimulation in the thalamus and PAG, regions thought to be involved in 

antinociceptive responses.   

Finally, in the present study, the level of [35S]GTPγS binding was determined for 

a number of peptidic (DPDPE and deltorphin II) and nonpeptidic delta-opioid agonists 

((+)BW373U86, SNC80, TAN67, OMI, and SIOM) in rat brain slices from the caudate 

putamen following incubation with a high concentration of agonist (10 µM).  These 

compounds demonstrated a rank order of efficacy: (+)BW373U86 > SNC80 > deltorphin 
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II > DPDPE > TAN67 > OMI > SIOM.  This rank order of efficacy corresponded with 

the efficacy determinations in cell cultures performed by Clark et al. (1997).  As 

expected, high concentrations of the lower efficacy agonists (OMI and SIOM) 

antagonized [35S]GTPγS binding stimulated by the high efficacy agonist (+)BW373U86, 

further supporting delta-opioid receptor-mediation of the measured [35S]GTPγS 

stimulation.   

Generally, the nonpeptidic agonists displayed a larger range of stimulation, and 

(+)BW373U86 and SNC80 were the most efficacious agonists tested.  The peptidic 

agonists deltorphin II and DPDPE appeared equally efficacious, but were less efficacious 

than (+)BW373U86 and SNC80.  Similarly, (+)BW373U86 was more efficacious than 

DPDPE in most areas of the brain tested, except in regions with low or no [35S]GTPγS 

binding, such as the hypothalamus, periaqueductal gray, and substantia nigra.  These data 

suggested that differences between peptidic and nonpeptidic delta-opioid agonists in 

behavioral studies are not due to differential binding in various brain regions, but rather 

are caused by agonist efficacy differences such that nonpeptidic delta-opioid agonists are 

able to activate more G protein binding.  These data revealed that [35S]GTPγS 

autoradiography can be used to compare efficacy differences among agonists across 

various brain regions.  In addition, the present data suggested that agonist efficacy should 

be considered when utilizing agonist-induced [35S]GTPγS stimulation experiments in 

brain slices.    
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Legends For Figures 

 

Figure 1.  Percent [35S]GTPγS stimulation by increasing concentrations of (+)BW373U86 

or DPDPE pretreated with either vehicle (sterile water) or 10 nM naltrindole (NTI) as 

compared to basal [35S]GTPγS binding in the caudate putamen of coronal brain slices 

from naïve rats.  EC50 values were approximately 1.1 nM, 0.92 µM, 0.49 µM, and 

undetermined for vehicle NTI with (+)BW373U86 (●), 10 nM NTI with (+)BW373U86 

(○), vehicle NTI with DPDPE (■), and 10 nM NTI with DPDPE (□), respectively.   

 

 Figure 2.  Percent [35S]GTPγS stimulation produced by 10 µM DPDPE or 1 nM 

(+)BW373U86 as compared to basal [35S]GTPγS binding in coronal slices of different 

brain regions of Sprague-Dawley rats: frontal cortex (FrCtx), prelimbic cortex (PCtx), 

cingulate cortex (CCtx), nucleus accumbens (NAcc), caudate putamen (CP), 

hippocampus (HPC), amygdala (Amyg), piriform cortex (PirCtx), thalamus (Thal), 

hypothalamus (Hypothal), substantia nigra (SN), periaqueductal gray (PAG), pontine 

nuclei (PN). 

 

 Figure 3.  Percent [35S]GTPγS stimulation produced by 10 µM DPDPE or 10 µM 

(+)BW373U86 as compared to basal [35S]GTPγS binding in coronal slices of different 

brain regions of Sprague-Dawley rats: frontal cortex (FrCtx), prelimbic cortex (PCtx), 

cingulate cortex (CCtx), nucleus accumbens (NAcc), caudate putamen (CP), 

hippocampus (HPC), anygdala (Amyg), piriform cortex (PirCtx), thalamus (Thal), 
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hypothalamus (Hypothal), substantia nigra (SN), periaqueductal gray (PAG), pontine 

nuclei (PN). 

 

 Figure 4.  Percent [35S]GTPγS stimulation by increasing concentrations of 

(+)BW373U86 as compared to basal [35S]GTPγS binding in the frontal cortex or caudate 

putamen of coronal brain slices from naïve rats.  EC50 values were 0.33 nM for 

(+)BW373U86 in the frontal cortex (■) and 1 nM for (+)BW373U86 in the caudate 

putamen (●). 

 

 Figure 5.  Percent [35S]GTPγS stimulation 10 µM of (+)BW373U86, SNC80, deltorphin 

II, DPDPE, TAN67, OMI, SIOM, naltrindole (NTI) as compared to basal [35S]GTPγS 

binding in the caudate putamen of coronal brain slices from naïve rats.  Compound names 

are listed in the methods section. 

 

 Figure 6.  Percent [35S]GTPγS stimulation by 1 nM (+)BW373U86 pretreated with either 

vehicle (sterile water), 10 µM OMI, or 10 µM SIOM as compared to basal [35S]GTPγS 

binding in the caudate putamen of coronal brain slices from naïve rats. 
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Table 1.  Values (+ S.E.M.) determined from rat brain slices of different brain regions following incubation with no agonist (basal), 10 µM cold GTPγS (non-specific  

binding, NSB), 10 µM DPDPE, or 1 nM (+)BW373U86.  [35S]GTPγS binding is expressed as nCi/g (+ SEM) for basal stimulation and as optical

density values (OD (+ SEM)) for basal-, non-specific binding (NSB)-, DPDPE-, and (+)BW373U86 ((+)BW)-stimulated binding.

FrCtx PCtx Nacc CP CCtx HPC Amyg PirCtx Thal Hypothal SN PG PN

Basal (nCi/g)
251.2 
(23.8)

392.1 
(29.3)

310.0     
(13.2)

299.1 
(24.8)

367.2 
(38.1)

260.7 
(18.2)

407.5 
(40.6)

312.4 
(31.4)

267.6 
(27.0)

443.8 
(35.4)

306.0 
(36.1)

323.1 
(34.7)

147.1 
(16.9)

Basal (OD) 76.3 (4.8) 104.3 (5.4) 89.7 (1.5) 86.5 (5.2) 99.1 (6.8) 82.5 (4.6) 106.9 (6.3) 89.3 (5.8) 79.7 (5.4) 113.2 (5.1) 86.6 (7.5) 90.8 (7.1) 49.7 (4.9)

NSB (OD) 33.9 (2.4) 43.8 (3.8) 40.1 (4.1) 32.1 (2.1) 39.0 (3.3) 28.8 (1.3) 37.4 (2.1) 37.2 (3.1) 28.8 (1.5) 32.7 (1.8) 37.4 (8.9) 27.6 (1.1) 19.1 (2.5)

DPDPE (OD) 86.0 (4.3) 110.2 (3.8) 103.7 (4.3) 95.0 (5.0) 95.7 (6.4) 75.7 (3.2) 101.8 (3.2) 86.2 (4.6) 79.1 (5.2) 103.4 (4.1) 93.1 (12.8) 93.2 (3.8) 52.2 (3.4)

(+)BW (OD) 99.1 (3.8) 123.2 (5.8) 110.0 (3.3) 101.1 (3.7) 107.7 (5.3) 76.7 (2.9) 108.1 (3.1) 92.0 (4.4) 75.7 (3.7) 104.4 (4.1) 90.6 (14.6) 90.4 (3.6) 60.3 (4.8)
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