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Abstract 

 The diarylpiperazine delta-opioid agonist SNC80 produces convulsions, 

antidepressant-like effects, and locomotor stimulation in rats.  The present study 

compared the behavioral effects in Sprague-Dawley rats of SNC80 with two derivatives 

(SNC86 and SNC162) that differ by one functional group located in the 3 position of the 

benzylic ring.  In behavioral measures, these three compounds demonstrated a rank order 

of potency and efficacy; SNC86 was the most potent and efficacious followed by the 

SNC80, then SNC162.  In vitro, these compounds stimulated [35S]GTPγS binding in the 

caudate putamen of coronal brain slices from drug-naïve rats as measured by in vitro 

autoradiography.  In [35S]GTPγS binding studies, SNC86 appeared to be a full agonist at 

the delta-opioid receptor; however, SNC162 demonstrated reduced stimulation as 

compared to SNC86, consistent with partial agonist activity.  Although SNC80 was not 

fully efficacious in [35S]GTPγS autoradiography studies, it produced behavioral effects 

similar to those observed with SNC86, suggesting that the behavioral effects of SNC80 

may be produced by its 3-hydroxy metabolite. 
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Introduction 

Nonpeptidic delta-opioid agonists produce a number of different behavioral 

effects.  They produce convulsions in mice (Comer et al., 1993; Hong et al., 1998), rats 

(Broom et al., 2002a; Broom et al., 2002b), and monkeys (Dystra et al., 1993; Negus et 

al., 1994; Pakarinen et al., 1995), stimulate locomotor activity in rats (Spina et al., 1998; 

Fraser et al., 2000; Broom et al., 2002a), produce antinociception in mice (Hong et al., 

1998), and maintain discriminative control of behavior in rats (Stevenson et al., 2002) 

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

addition, recent studies reported that nonpeptidic, delta-opioid agonists demonstrated 

antidepressant-like effects in the forced swim test in rats (Broom et al., 2002a; Broom et 

al., 2002b) and these compounds produced a greater magnitude of effect as compared to 

known antidepressants such as desipramine and fluoxetine (Broom et al., 2002a).  The 

antidepressant-like effects of the nonpeptidic delta-opioid agonists were mediated 

through the delta-opioid receptor, as these effects were blocked by the selective delta-

opioid antagonist, naltrindole.   

Behavioral effects mediated by the delta-opioid receptor have been most 

thoroughly studied with the class of nonpeptidic delta-opioid receptor agonists known as 

the piperazinyl benzamides (SNC80 derivatives); however, few studies have compared 

the behavioral effects of these compounds within a given behavioral paradigm.  Existing 

comparisons with SNC80 derivatives have only been made in drug discrimination 

paradigms in rats (Stevenson et al., 2002) and monkeys (Negus et al., 1998; Brandt et al., 

1999).  In addition to in vivo studies, these compounds have been compared in terms of 
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binding affinities at the delta- and mu-opioid receptors and agonist activity in the mouse 

vas deferens and guinea pig ileum.   

SNC80, SNC86, and SNC162 differ only at the 3 position of the benzylic ring 

(Fig. 1) and have demonstrated good binding affinity for cloned delta-opioid receptors 

(Knapp et al., 1996).  SNC86 with a 3-hydroxyl substituent was the least selective delta-

opioid receptor agonist, but had the highest affinity for the delta-opioid receptor.  

SNC162 with the 3-position unsubstituted was the most selective with a mu/delta ratio of 

8770.  SNC80 with a 3-methoxy group was less selective than SNC162 and had a lower 

affinity than SNC86. 

These findings were confirmed in ex vivo studies in which SNC86 had high 

affinity for the delta-opioid receptor (IC50 = 1.49 nM) in rat brain membranes; but again, 

this compound was the least selective with a mu/delta ratio for inhibition of radioligand 

([3H]DAMGO and [3H]DADLE) binding of 6.5 (Calderon et al., 1997).  These studies 

also demonstrated that SNC80 was less potent (IC50 = 2.88 nM), but was approximately 

130-fold more selective for the delta-opioid receptor than SNC86.  SNC162 (IC50 = 0.94 

nM) was the most selective delta-opioid ligand with a mu/delta ratio for inhibition of 

radioligand binding of greater than 2600.  Similarly, in functional assays, SNC162 was 

approximately 4-fold less potent than SNC80 as determined by inhibition of contraction 

of electrically-stimulated vas deferens of the mouse (Calderon et al., 1997).     

As stated earlier, there are a limited number of studies that have compared the 

behavioral effects of SNC80 and its derivatives.  In monkeys, SNC86 and SNC162 fully 

generalized in subjects trained to discriminate 0.32 mg/kg SNC80 (Brandt et al., 1999).  

In this study, SNC80 and SNC86 had similar ED50 values, but the ED50 value for 
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SNC162 was 3-fold higher.  Similarly, in rats trained to discriminate SNC80 from water, 

SNC162 produced SNC80-appropriate responding at a dose approximately 3-fold higher 

than the conditioning dose of SNC80; however, SNC162 only partially generalized for 

SNC80, suggesting partial agonist activity (Stevenson et al., 2002).   

To further examine this suggestion, the present studies were designed to 

investigate efficacy and potency differences of piperazinyl benzamides in behavioral 

paradigms in Sprague-Dawley rats as compared to ex vivo determinations of efficacy and 

potency.  The study compared the behavioral effects of SNC80 and the two SNC80 

derivatives (SNC86 and SNC162) that differ by one functional group located in the 3 

position of the benzylic ring.  SNC80, SNC86, and SNC162 were compared in 

[35S]GTPγS binding assays in rat brain slices and in three different behavioral assays, 

measuring convulsions, antidepressant-like effects, and locomotor stimulation.  These 

compounds were compared in observational studies to allow better evaluation of 

differences that may exist between these derivatives.  The results demonstrated that 

SNC86 is the most potent and efficacious compound followed by SNC80 and then 

SNC162.  In addition, these studies confirmed that the antidepressant-like effects of 

delta-opioid agonists are blocked by the selective delta-opioid antagonist naltrindole, but 

not by mu-selective doses of naltrexone or non-selective doses of naltrexone, indicating 

that the antidepressant-like effects are specific to the delta-opioid receptor system.  

Importantly, these studies demonstrated that efficacy differences between drugs can be 

evaluated in the forced swim test. 
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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. 

 

Procedures. 

 
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 the striatum area of the brain on a cryostat maintained at –18ºC, mounted 

on gelatin-subbed slides, and stored at -80ºC for less than four weeks until use.  Coronal 

striatal sections were rinsed in TME buffer (50mM Tris-HCl, 3mM MgCl2, 0.2 mM 

EGTA, 100mM NaCl, 0.1% BSA, pH 7.4) at room temperature for 10 min.  Following 

this first incubation, slices were incubated in TME buffer containing 2mM GDP and 9.5 

mU/ml adenosine deaminase for 15 min at room temperature.  Then, slices were 

incubated in TME buffer with GDP, adenosine deaminase, 0.04 nM [35S]GTPγS, and 
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varying concentrations of an agonist (either SNC80, SNC86, or SNC162) or no agonist or 

10µM cold GTPγS (to determine non-specific binding) for 2 h at room temperature.  

After the 2 h incubation, 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.  All three compounds were tested on duplicate striatal slices 

from six rats.   

 

Locomotor activity measurements.  To measure changes in locomotor activity, singly-

housed rats were implanted with transmitters (model ER-4000 E-Mitter, Mini Mitter Co. 

Inc., Bend, OR).  Under ketamine (100 mg/kg, i.p.) and xylazine (10 mg/kg, i.p.) 

anesthesia, a transmitter was implanted inside the peritoneum of a rat at least 6 days 

before conducting an experiment.  The transmitter broadcasted changes in locomotor 

activity that were sent to a receiver (model ER-4000 Receiver, Mini Mitter Co., Inc.) 

placed under the home cage of each rat.  Data were collected and processed 

simultaneously by the Vital View data acquisition system (Mini Mitter Co., Inc.).  

Immediately following drug or vehicle injection, locomotor activity measurements were 

collected for each rat for approximately 5 hr; however, locomotor activity counts from 

the first 4 hr of data collection were displayed in graphs.     

 

Forced Swim Test.  To measure antidepressant-like activity, 5-6 rats per drug dose were 

subjected to a modified forced swim test as previously described (Broom et al., 2002a).  

Briefly, rats were placed in a clear cylindrical acrylic container (46 cm tall X 20 cm in 
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diameter) filled with 30 cm of 25°C (+ 1°C) water for a one-day, 15-min swim session.  

Test compounds were administered as a single subcutaneous (s.c.) injection 60 min prior 

to the forced swim test or as a single intravenous (i.v.) injection infused over 20 sec 30 

min prior to the forced swim test.  Cylinder water was changed after every rat.  Following 

each swim period, rats were removed from the water, towel-dried, and placed in a heated 

cage for 15-min.   

 Videotaped 15-min test swims were scored for immobility, swimming, and 

climbing behaviors (Detke et al., 1995).  The individual scoring the videotapes was blind 

to the drug treatments received by each rat.  Every 5 sec, the scorer rated the subject’s 

behavior as one of the three behaviors, immobility, swimming, or climbing.  The total 

counts of each behavior during the 15-min swim were averaged within treatment groups.  

These behaviors were defined as: immobility- floating in the water without struggling and 

using only small movements to keep the head above water; swimming- moving limbs in 

an active manner (more than required to keep head above water) causing movement 

between quadrants of the cylinder; climbing- making active movements with the 

forepaws in and out of the water, often directed at the wall of the swim tank. 

 

Convulsion observations.  Immediately after s.c. or i.v. injection, rats were placed in an 

observation chamber for 20 min to observe for convulsions and cataleptic behaviors.  

Time to onset of convulsion, duration of convulsions, and duration of catalepsy were 

recorded.  Catalepsy duration was defined as the time to remove forelimbs from a rod 

elevated approximately 2 inches off the ground.  Following the 20-min observation 

period, rats were returned to the home cage.   
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Intravenous catheter implantation.  Catheters were constructed from approximately 15-

cm of Micro-Renathane tubing (MRE-040, Braintree Scientific, Inc, Braintree, MA).  

Implantation of catheters was described previously (Baird et al., 2000).  Briefly, rats were 

anesthetized with ketamine hydrochloride (100 mg/kg, i.p.) and xylazine hydrochloride 

(10 mg/kg, i.p.).  The right jugular vein was isolated through a ventral incision in the 

neck.  Approximately 3 cm of the catheter was inserted into the right jugular vein and the 

tubing was sutured to the vein and to the surrounding tissues at 3-4 points in order to 

secure the catheter placement.  The remaining tubing was threaded subcutaneously to the 

dorsal incision point and secured in place by sutures to the musculature directly below the 

incision.  Two to three centimeters of tubing remained exposed outside the rat’s body.  

The catheter was plugged with a stainless steel pin (McMaster-Carr, Cleveland, OH).  

Immediately after and every day following the surgery, the catheters were flushed with 

approximately 0.5 ml of heparinized saline (50 U/ml).  On average, rats were allowed 4-5 

days of recovery from surgery before being used in an experiment. 

 

Data Handling and Statistical Analysis.  Data from the forced swim test were averaged 

within each treatment drug.  Totals for each behavioral measure (immobility, swimming, 

or climbing) were analyzed by one-way ANOVA, and Dunnett’s post hoc tests were used 

to compare drug sessions to vehicle sessions (Graphpad Prism Software).  For 

antagonism studies, immobility scores were compared between pretreatment conditions 

for each drug by Student’s t-test.  
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 Locomotor activity data were summed over 5 min intervals beginning at least 40 

min prior to injection with drug and continuing for at least 5 h after an injection of a test 

compound.  Means across rats for each treatment group were calculated as time after 

injection + 2 min.  Data were also calculated as area under curve for each dose of the 

three drugs tested (Graphpad Prism software).   

 For the [35S]GTPγS autoradiography experiments, data was analyzed by nonlinear 

curve fitting of the data and EC50 and maximum values were determined (Graphpad 

Software).   

 

Drugs.  All test compounds were injected s.c. or i.v. in a volume of 1 ml/kg.  [(+)-4-[(R)-

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

diethylbenzamide (SNC86) (Bishop et al., 1995) was dissolved in sterile water.  [(+)-4-

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

N,N-diethylbenzamide (SNC80) (Calderon et al., 1994) and [(+)-4-[(R)-[(2S,5R)-2,5-

dimethyl-4-(2-propenyl)-1-piperazinyl]-(3-phenyl)methyl]-N,N-diethylbenzamide 

(SNC162) were dissolved in an 8% 1M HCl solution.  Ketamine hydrochloride (Vedco 

Inc., St. Joseph, MO) and xylazine hydrochloride (Fermenta Animal Health Co., Kansas 

City, MO) were all dissolved in sterile water.     
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Results 

In the [35S]GTPγS autography experiments, striatal slices from rat brain were used 

to determine dose concentration curves.  Some previous work has demonstrated that 

delta-opioid agonist stimulated GTPγS binding is greatest in the striatum (Hyytia et al., 

1999).  SNC86, SNC80, and SNC162 dose-dependently stimulated [35S]GTPγS binding 

in rat striatal slices with EC50 values (+ sem) of 0.81 nM (0.11), 67 nM (2.7), and 33 nM 

(2.5), respectively (Fig. 2).    In addition, SNC86 demonstrated higher maximal 

stimulation of [35S]GTPγS binding [F(2,35) = 9.66; p=0.0005], as compared to SNC80 

(p<0.01) and SNC162 (p<0.001).   

SNC80 and its derivatives (s.c.) increased locomotor activity although the 

duration of the stimulation greatly differed (Fig. 3).  Prior to injection at time 0, baseline 

locomotor activity was low for all rats with values below approximately 30 counts (Fig. 

3a, 3b, 3c).  SNC80 produced increases in locomotor activity counts that remained 

elevated for 2-3 h (Fig. 3a) with 3.2 and 32 mg/kg SNC80 elevating locomotor activity to 

similar levels.  SNC86 produced dose-dependent increases in locomotor activity (Fig. 

3b).  Locomotor stimulation produced by 10 mg/kg SNC86 returned to baseline values 

after 3 h.  In comparison to SNC80 and SNC86, SNC162 increased locomotor activity for 

a shorter duration of time (Fig. 3c).  The highest tested dose (32 mg/kg SNC162) 

stimulated locomotor activity, but the effect dissipated after approximately 75 min.  

Figure 3d represents the data as the area under the curve indicating the total amount of 

locomotor activity produced by each dose over time.  Based on this representation, 

SNC86 clearly produced the most locomotor stimulation and was the most potent 
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compound to increase activity (3-fold more potent than SNC80).  SNC80 was 

approximately 10-fold more potent at increasing locomotor activity as compared to 

SNC162.  Also, SNC162 produced the lowest amounts of total locomotor activity as 

compared to SNC86 and SNC80.   

SNC80 (s.c.) significantly decreased immobility [F(5,35)=8.96, p<0.0001] and 

increased swimming [F(5,35)=2.98, p=0.027] and climbing [F(5,35)=3.65, p=0.011] in 

the forced swim test in rats (Fig. 4a).  SNC80 doses of 3.2 mg/kg and higher produced 

significant decreases in immobility (P<0.001).  SNC80, 10 mg/kg, significantly increased 

climbing (p<0.05), and 32 mg/kg SNC80 significantly increased swimming (p<0.05) and 

climbing (p<0.01).  SNC86 (s.c.) significantly decreased immobility [F(6,41)=11.87, 

p<0.0001] and increased swimming [F(6,41)=8.71, p<0.0001] and increased climbing 

[F(6,41)=2.55, p=0.04] (Fig. 4b).  SNC86 at 3.2, 10, and 32 mg/kg decreased immobility 

(p<0.01) and increased swimming (p<0.01).  There was a significant trend to increase 

climbing; however, no dose was significantly different from vehicle.  SNC162 (s.c.) 

significantly decreased immobility [F(5,35)=2.60, p=0.046] only at the highest dose 

tested, but did not significantly alter swimming [F(5,35)=2.49, p=0.053] or climbing 

[F(5,35)=1.68, p=0.17] (Fig. 4c).  The effect of SNC162 on swimming was nearly 

significant; however, there was no statistical difference between doses and there was no 

identifiable trend to the swimming data.   

 SNC 80 and its derivatives also produced convulsions in rats when administered 

s.c. (Fig. 4d) (Broom et al., 2002a; Broom et al., 2002b).  Delta-opioid induced 

convulsions in rats occurred within 6-15 min after an injection and lasted for 

approximately 5-25 sec.  The convulsion was manifested mainly in the head and forelimb 
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areas.  Following a convulsion, rats were cataleptic, such that they failed a 15-sec rod test 

and they did not have a righting reflex.  SNC80 produced a dose-dependent increase in 

the number of rats convulsing, with 100% of rats convulsing at the highest dose 100 

mg/kg SNC80.  SNC86 also produced dose-dependent increases in the number of rats 

convulsing, but it was more potent than SNC80.  The highest dose of SNC86 tested (32 

mg/kg) produced convulsions in 100% of rats.  SNC162 produced convulsions in 5 out of 

6 rats at the highest of the tested doses (100 mg/kg). 

 Table 1 contains descriptive statistics of the convulsions and catalepsy produced 

by s.c. administration of SNC80, SNC86, and SNC162.  With SNC80 and SNC86, higher 

doses increased the number of rats that convulsed and more than halved the time to onset 

of the convulsion.  In contrast with SNC80 and SNC86, SNC162 produced a convulsion 

in only one rat with the lower dose of 32 mg/kg, 346 s after the injection.  This 

convulsion occurred much faster than that observed with the same dose of SNC80.  

SNC162, 10 mg/kg, increased the number of rats convulsing, but did not decrease the 

time to onset of convulsion.  The convulsion duration and the duration of post-convulsive 

catalepsy did not differ greatly among doses or drugs.         

 To confirm that the convulsive and antidepressant-like effects of high doses of 

SNC80 and its derivatives were mediated through the delta-opioid receptor, the selective 

delta-opioid receptor antagonist naltrindole was administered 30 min before each agonist 

(Fig. 5).  With naltrindole vehicle pretreatments, 32 mg/kg SNC80 (p=0.02), 10 mg/kg 

SNC86 (p=0.002), and 100 mg/kg SNC162 (p=0.02) significantly decreased immobility 

as compared to the delta-opioid agonist vehicle control.  Naltrindole (10 mg/kg) had no 

effect in the forced swim test (p=0.69) (Fig. 5a); however, this dose blocked the 
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convulsive (data not shown) and antidepressant-like effects of 32 mg/kg SNC80 

(p=0.003) (Fig. 5b), of 10 mg/kg SNC86 (p=0.002) (Fig. 5c), and of 100 mg/kg SNC162 

(p=0.05) (Fig. 5d).  In addition, a mu-opioid selective dose of naltrexone was 

administered before 10 mg/kg SNC86 to determine if there was a mu-component to the 

least selective delta-opioid agonist (Fig. 6).  Naltrexone 0.032 mg/kg did not block the 

convulsive (data not shown) and antidepressant-like effects of SNC86 produced by s.c. 

(p=0.07) or i.v. (p=0.80) drug administration (Fig 6a and Fig. 6b, respectively).   

In general, SNC80 and its derivatives were more potent when administered 

intravenously.  Intravenous administration of SNC80 significantly decreased immobility 

[F(4,29)=12.98, p<0.0001] and increased swimming [F(4,29)=4.27, p=0.009] and 

climbing [F(4,29)=3.79, p=0.02] counts in the forced swim test (Fig. 7a).  SNC80, 3.2 

mg/kg, decreased immobility (p<0.01), increased swimming (p<0.05), and increased 

climbing (p<0.01).  SNC86 (i.v.) significantly decreased immobility [F(3,23)=15.12, 

p<0.0001], increased climbing [F(3,23)=4.26, p=0.02], and nearly significantly increased 

swimming [F(3,23)=2.76, p=0.07] (Fig. 7b).  SNC86 at a dose of 1.0 mg/kg decreased 

immobility only (p<0.05).  A higher dose of 3.2 mg/kg SNC86 decreased immobility 

(p<0.01), increased swimming (p<0.05), and increased climbing (p<0.01).  SNC162 (i.v.) 

significantly decreased immobility [F(2,16)=3.69, p=0.05], but did not alter swimming 

[F(2,16)=0.29, p=0.75] or climbing [F(2,16)=2.31, p=0.14] (Fig. 7c).  SNC162 (3.2 

mg/kg) decreased immobility only (p<0.05).   

 SNC80 and its derivatives administered by i.v. route of administration also 

produced convulsions in rats (Fig. 7d).  Convulsions produced by i.v. administration 

occurred during the 20-sec i.v. infusion or within a few seconds of the end of the 
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infusion.  All compounds produced typical delta-opioid mediated convulsions as 

described earlier.  The first convulsive dose by i.v. administration of all compounds 

produced convulsions in some rats, with 1.0 mg/kg SNC80 producing convulsions in 

more rats than SNC86 and SNC162.  The high dose of SNC80 and of SNC162 produced 

convulsions in all rats, whereas 3.2 mg/kg SNC86 produced convulsions in 66.7% of rats.   
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Discussion 

 SNC80 and its derivatives were evaluated in ex vivo measurements of 

[35S]GTPγS binding in rat brain slices of the caudate putamen.  These studies 

demonstrated that SNC86 was the most potent and efficacious compound.  SNC80 and 

SNC162 produced similar levels of GTPγS stimulation and had similar EC50s (67 nM 

and 33 nM, respectively).  However, in behavioral studies, these three compounds 

demonstrated a rank order of potency and efficacy with SNC86 as the most potent and 

efficacious compound, followed by SNC80, and then SNC162.  

These studies contribute to the previous findings that compounds that activate 

delta-opioid receptors produce antidepressant-like effects in the forced swim test in rats 

(Broom et al., 2002a; Broom et al., 2002b).  Previously, it was demonstrated that the 

antidepressant-like effects remain intact after the locomotor-stimulating properties 

dissipated (Broom et al., 2002b).  The present results also confirmed that locomotor 

stimulating properties might not be observed simultaneously with antidepressant-like 

effects.  For example, 1.0 mg/kg SNC86 increased locomotor activity counts to similar 

levels observed with high doses of SNC80; however, 1.0 mg/kg SNC86 (s.c.) did not 

produce antidepressant-like effects in the forced swim test.  These results demonstrate 

that the locomotor-stimulating properties and the antidepressant-like effects of delta-

opioid agonists may coexist, but they are not dependent on each other.   

In addition to separating the locomotor effects and antidepressant-like effects of 

delta-opioid agonists, the present data support the observation that convulsions are not 

required for the antidepressant-like effects of delta-opioid agonists (Broom et al., 2002b).  
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For example, low doses of SNC80, 3.2 and 10 mg/kg, produced antidepressant-like 

effects in the forced swim test, but these doses did not induce convulsions in rats.  

Interestingly, SNC80 is the only delta-opioid agonist tested that produced antidepressant-

like effects at doses that did not produce convulsions in any rats.   

SNC80 and its derivatives produced large increases in locomotor activity; 

however, the duration of the effect differed among the compounds.  High doses of 

SNC86 and SNC80 stimulated locomotor activity for 2-3 h, but SNC162-induced activity 

dissipated after 60-75 min.  These data suggested that SNC162 might have different 

pharmacokinetics than SNC86 and SNC80, thus having short-lived effects on locomotor 

activity.  When represented as area under curve to indicate the total amount of drug-

induced locomotor activity over time, SNC86 was clearly the most potent and efficacious 

compound.  SNC80 appeared 3-fold less potent and was less efficacious than SNC86.  

SNC162 was the least potent, approximately 10-fold less potent than SNC80 and 32-fold 

less potent than SNC86; likewise, SNC162 was less efficacious than SNC86 and SNC80, 

such that at the highest dose tested, it produced a smaller magnitude increase in overall 

locomotor activity as compared to either SNC86 or SNC80. 

 In the forced swim test following s.c. administration, SNC86 and SNC80 

appeared equipotent; however, SNC86 had a slightly larger magnitude of effect (i.e., a 

larger decrease in immobility from control values).  In forced swim test experiments, a 

statistically significant decrease in immobility from baseline typically demonstrates that 

the compound has antidepressant-like activity; however, the magnitude of change in 

immobility is rarely discussed or used to compare drugs.  It is possible that the magnitude 

of maximal effect may be an indication of drug efficacy in a manner similar to that used 
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in other paradigms.  In addition, drugs tested in the forced swim test frequently produce 

dose-dependent decreases in immobility, demonstrating that the maximum effect is 

variable and graded effects can be observed.  For example, in assays measuring 

antinociception, the effect is dose-dependent and compounds with higher maximal effects 

can indicate higher efficacy compounds.   

Comparing SNC80 and its derivatives at their peak effects, SNC86 produced the 

largest maximal reduction in immobility with a 38% decrease from vehicle at 10 mg/kg.  

Whereas, SNC80 produced a maximal decrease of 26% at 100 mg/kg, and SNC162 

produced a maximal decrease of 15% at 100 mg/kg.  Therefore, based on the previous 

discussion, SNC86 would be considered the most efficacious compound followed by 

SNC80, then SNC162.  Unlike SNC86 and SNC80, SNC162 only produced 

antidepressant-like effects at the highest dose of 100 mg/kg and was clearly the least 

potent and efficacious of the three compounds tested.  These larger doses of delta-opioid 

agonists produced convulsive and antidepressant-like effects through the delta-opioid 

receptor, as demonstrated by antagonism of these effects by the delta-opioid antagonist 

naltrindole.  Likewise, there was no mu-opioid component to these effects, as they could 

not be antagonized by mu-selective doses of naltrexone.  This is further supported by the 

finding that agonist actions at mu-opioid receptors did not have antidepressant-like 

effects in the forced swim test in rats (Broom et al., 2002a).   

 Although SNC86, SNC80, and SNC162 produced different magnitudes of 

antidepressant-like effects, the agonist-induced convulsions and post-convulsive 

catalepsy measurements were relatively similar, independent of dose and of efficacy 

measures.  The only difference existed in the time to onset of convulsion; however, so 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on January 13, 2004 as DOI: 10.1124/jpet.103.061242

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


 20

few rats convulsed with SNC86 and lower doses of SNC80 and SNC162, it is difficult to 

make useful comparisons among the compounds.  

With i.v. administration, the dose effect curves for the convulsive and 

antidepressant-like effects shifted to the left for SNC86 and SNC162 as compared to 

those produced by s.c. administration; however, the doses of SNC80 (i.v.) that produce 

antidepressant-like effects remained unchanged as compared to the effects observed with 

s.c. administration.  SNC162 (i.v.) demonstrated the largest leftward shift in the 

antidepressant-like effects, approximately 30-fold.  Although the potencies of the SNC80 

derivatives changed following i.v. administration, the rank order of the compounds based 

on potency and efficacy did not change (SNC86>SNC80>SNC162).  At a dose of 3.2 

mg/kg (i.v.), SNC86 produced a 36% decrease in immobility as compared to control, 

SNC80 produced a 25% decrease in immobility as compared to control, and SNC162 

produced a 13% decrease in immobility as compared to control.  Considering that the 

relative efficacy of SNC80 and its derivatives did not change with i.v. administration, 

these results suggested that the differential efficacies can not be explained by differences 

in absorption and/or distribution following s.c. administration. 

 In the [35S]GTPγS experiments, SNC86 was the most potent and efficacious 

compound tested and the other two derivatives, SNC80 and SNC162, demonstrated 

similar potencies and efficacies.   Based on these ex vivo findings, it would be expected 

that SNC80 and SNC162 would have similar effects in behavioral assays; however, in the 

present experiments, SNC80 produced behavioral effects more equivalent to SNC86 than 

to SNC162.  Previous studies demonstrated that, following intraperitoneal administration, 

SNC80 was metabolized to a “BW373U86-like” compound by O-demethylation of the 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on January 13, 2004 as DOI: 10.1124/jpet.103.061242

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


 21

methoxy group in the 3 position of the benzylic ring (Schetz et al., 1996).  Since 

BW373U86 is the racemate of SNC86, SNC80 metabolism to SNC86 may contribute, in 

some portion, to the observed behavioral effects of SNC80.  On the other hand, SNC162 

lacks a functional group at the 3 position on the benzylic ring, and for that reason, it 

cannot be metabolized to the active 3-OH (SNC86) compound, and thus, appears as a 

partial agonist in both ex vivo and in vivo assays.   

In conclusion, the 3-hydroxy containing SNC86 was the most potent and 

efficacious compound of the SNC80 derivatives evaluated in behavioral measurements of 

convulsant activity, antidepressant-like effects, and locomotor stimulation.  The 3-

unsubstituted compound, SNC162, was a partial agonist at delta-opioid receptor as 

compared to SNC86.  Although SNC80 produced similar effects to SNC162 in ex vivo 

studies, this compound was more efficacious in behavioral studies, potentially because it 

was metabolized to the more active SNC86 product.  Consistent with previous in vitro 

studies (Knapp et al., 1996; Calderon et al., 1997), the present findings confirm that the 

3-position of SNC80 alters efficacies and potencies in behavioral studies in Sprague-

Dawley rats.  In addition, these potency and efficacy differences were observed in the 

forced swim test, suggesting that this behavioral assay can be used to evaluate and to 

compare efficacy differences among drugs and possibly drug classes.  These data may 

assist the design and development of safer, non-convulsive delta-opioid agonists as 

potential therapeutics to treat depression.   
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Figure 1.  Basic structure of SNC80 and its derivatives with substitutions in the 3-

position on the benzyl ring.  * binding data from Calderon et al. 1997. 
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Figure 2.  Percent [35S]GTPγS stimulation by different concentrations of SNC86, SNC80, 

or SNC162 as compared to basal [35S]GTPγS stimulation in the caudate putamen of 

coronal brain slices from naïve rats.   EC50 values were 0.81, 67, and 33 nM for SNC86 

(■), SNC80 (▲), and SNC162 (●), respectively.  Maximal stimulation values were 179.0, 

157.2, and 154.5, respectively.   
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Figure 3.  Effects of SNC80 (a), SNC86 (b), and SNC162 (c) on locomotor activity in 

Sprague-Dawley rats (N=6 per dose).  Locomotor activity counts before time 0 were 

baseline levels of activity before the injection (s.c.) that occurred at time 0.  (d) A dose 

effect curve for each drug was determined by area under curve calculation.   
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Figure 4.  Effects of SNC80, SNC86, and SNC162 (s.c.) in the forced swim test (a, b, c, 

respectively) and on convulsant activity (d) in Sprague-Dawley rats (N=6 per dose).  

Drug was injected 60 min prior to the forced swim test.  The bars and vertical lines above 

each bar represent the mean and standard error of the mean (sem) for immobility (open 

bars), swimming counts (single-hatched bars), and climbing counts (double-hatched 

bars).  * p<0.05 and ** p<0.01 as compared to vehicle as determined by Dunnett’s post-

hoc test. 
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Figure 5.  Effects of 10 mg/kg naltrindole administered (s.c.) 30 min prior to either 

vehicle, SNC80, SNC86, and SNC162 (s.c.) in the forced swim test (a, b, c, d, 

respectively) in Sprague-Dawley rats (N=6 per condition).  The bars and vertical lines 

above each bar represent the mean and standard error of the mean (sem) for immobility 

(open bars), swimming counts (single-hatched bars), and climbing counts (double-

hatched bars).  † p<0.05 and †† p<0.01 as compared to 0 mg/kg naltrindole pretreatment 

to vehicle (control) as determined by Student’s T-test.  * p<0.05 and ** p<0.01 as 

compared to 0 mg/kg naltrindole pretreatment to 32 mg/kg SNC80, 10 mg/kg SNC86, or 

100 mg/kg SNC162 as determined by Student’s T-test. 
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Figure 6.  Effects of 0.032 mg/kg naltrexone administered (s.c.) 30 min prior to either 10 

mg/kg SNC86 (s.c.) or 3.2 mg/kg SNC162 (i.v.) in the forced swim test (a, b, 

respectively) in Sprague-Dawley rats (N=6 per condition).  The bars and vertical lines 

above each bar represent the mean and standard error of the mean (sem) for immobility 

(open bars), swimming counts (single-hatched bars), and climbing counts (double-

hatched bars).   
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Figure 7.  Effects of SNC80, SNC86, and SNC162 (i.v.) in the forced swim test (a, b, c, 

respectively) and on convulsant activity (d) in Sprague-Dawley rats (N=5-6 per dose).  

Drug was injected 30 min prior to the forced swim test.  The bars and vertical lines above 

each bar represent the mean and standard error of the mean (sem) for immobility (open 

bars), swimming counts (single-hatched bars), and climbing counts (double-hatched 

bars).  * p<0.05 and ** p<0.01 as compared to vehicle as determined by Dunnett’s post-

hoc test. 
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Table 1. Characteristics of Convulsion and Catalepsy for SNC80, SNC86, and SNC162  
      

      

 Dose  No. Convulsing Convulsion Onset Convulsion Duration Catalepsy Duration 

  (mg/kg) (N) (sec) (+ sem) (sec) (+ sem) (sec) (+ sem) 

32 2/6 724.5 (28.5) 16.5 (2.5) 181.0 (49.0) 
SNC80 

100 6/6 323.5 (30.0) 17.7 (1.5) 113.8 (6.0) 

3.2 1/6 760.0 19.0 168.0 

10 3/6 588.3 (87.7) 26.0 (10.0) 143.0 (35.8) SNC86 

32 6/6 362.0 (34.5) 15.5 (2.13) 138.8 (11.47) 

32 1/6 346.0 14.0 121.0 
SNC162 

100 5/6 326.4 (38.8) 21.0 (3.85) 183.4 (16.1) 
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