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Abstract

Objective—Baclofen and γ-Hydroxybutyrate (GHB) exert GABAB receptor agonism and have 

therapeutic utility but possess different pharmacological activities. We examined whether separate 

groups of mice could be trained to discriminate either baclofen or GHB, and the contribution of 

GABAB receptors to discriminative stimulus effects.

Methods—Male C57BL/6J mice were trained to discriminate either baclofen (3.2 mg/kg, 

intraperitoneal), or GHB (178 mg/kg, intraperitoneal) from saline under a fixed-ratio 10 

schedule. The GABAB antagonist 3-aminopropyl(diethoxymethyl)phosphinic acid (CGP 35348) 

was used to pharmacologically assess GABAB receptor involvement. The selectivity of the 

resulting discriminations was assessed with the opioid agonist morphine and the benzodiazepine 

midazolam.

Results—In baclofen-trained mice, both baclofen and GHB were readily discriminated. Baclofen 

produced a maximum of 86% baclofen-appropriate responding. CGP 35348 (320 mg/kg, i.p.) 

produced a 4.7-fold rightward shift in the dose-effect function. GHB produced a maximum 

of 85.8% baclofen-appropriate responding. In GHB-trained mice, both GHB and baclofen 

were readily discriminated. In GHB-trained mice, GHB produced a maximum of 85.3% drug-

appropriate responding; CGP 35348 (320 mg/kg, i.p.) produced a 1.8-fold rightward shift in 

the GHB discrimination dose-effect function. Baclofen produced up to 70.0% GHB-appropriate 

responding. CGP 35348 (320 mg/kg, i.p.) significantly antagonized baclofen discrimination and 

baclofen produced up to 37% GHB-appropriate responding up to doses that disrupted operant 

responding. Morphine did not produce substitution for either baclofen or GHB. Midazolam 

produced partial substitution for both.

Conclusion—GHB and baclofen discrimination assays in mice provide a useful approach for 

examining different receptor types mediating the effects of these two drugs.
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Introduction

Agonists of the γ-aminobutyric acid (GABA)B receptor may have multiple therapeutic 

applications. Baclofen, a GABAB receptor agonist, is prescribed for muscle spasticity and 

pain associated with multiple sclerosis (Sadiq & Poopatana, 2007), and GABAB receptor 

agonists may also produce analgesia in other diseases where pain is often a symptom 

(Hwang & Yaksh, 1997; Salte et al., 2016; Zemoura et al., 2016; Deseure & Hans 

2017). Numerous studies suggest baclofen and other GABAB agonists possess relatively 

low abuse potential and may be useful as therapeutics to treat drug abuse. Specifically, 

baclofen decreased the reinforcing effects of opioids in rat self-administration procedures 

(Xi & Stein,1999; Ramshini et al., 2013), and abolished morphine preference in the place 

conditioning assay in mice (Meng et al., 2014). These effects are attributed to the actions 

of GABAB receptor stimulation to inhibit dopamine release (Fadda et al., 2003; Fu et al., 
2012; Klitenick et al., 1992; Xi & Stein, 1999). Baclofen has also been found to reduce 

behavioral signs of morphine withdrawal in mice (Pedron et al., 2016) and rats (Topkara 

et al., 2017) as well as morphine-induced nausea and vomiting in ferrets (Suzuki et al., 
2005). Additional studies have shown that baclofen can decrease the rewarding effects of 

other commonly abused drugs such as nicotine, cocaine, and methamphetamine (Ranaldi 

& Poeggel 2002; Fadda et al., 2003). However, clinically, baclofen is often associated with 

drowsiness, dizziness, nausea, vomiting, and in some cases, seizures (Chou et al., 2004).

γ-Hydroxybutyric acid (GHB) was first designed synthetically in 1964 as a GABA analog 

(Laborit, 1964). It was later found to be both a precursor and a metabolite of γ-aminobutyric 

acid (GABA), and expressed exogenously within the central nervous system by hippocampal 

midbrain, diencephalon, and cerebellum neurons (Roth, 1970; Maitre, 1997). Clinically, 

GHB is sold under the name Xyrem, prescribed as a narcolepsy therapeutic (Boscolo-Berto 

et al., 2012) as well as Alcover, prescribed as an alcohol addiction and dependence 

therapeutic (Addolorato et al., 2009). Unlike baclofen, GHB has been characterized to 

possess drug dependence liability (Carter et al., 2009; Gonzalez & Nutt, 2005). The 

exact pharmacological mechanisms that underlie the in vivo effects of GHB are not fully 

established though are linked to actions at GABAB receptors. GHB shares several effects 

with baclofen including cataleptic, ataxic, hypolocomotor, and discriminative stimulus 

effects; these and other effects (i.e., decreases in operant responding) of GHB are attenuated 

by GABAB receptor antagonists (Carter et al., 2005; Goodwin et al., 2005; Kaupmann 

et al., 2003; Koek et al., 2004; 2006; 2007). However, in these studies, the potency of 

a GABAB receptor antagonist to attenuate the effects of GHB is less than the potency 

of the same antagonist to attenuate the effects of baclofen, suggesting other receptors are 

involved. Previous studies in mice demonstrate that GHB can be reliably discriminated 

(Cook et al., 2006). Thus, although pharmacologically distinct, baclofen and GHB share 

some pharmacological characteristics across multiple species.

The present study sought to expand upon previous studies in other animal species by 

characterizing the cross-substitution of GHB and baclofen with one another using drug 

discrimination assays in mice. We also examined the extent to which the GABAB selective 

antagonist CGP 35348 attenuates the discriminative stimulus effects of GHB and baclofen.
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Methods

All data in the present study were collected in the Department of Pharmacology, The 

University of Texas Health Science Center, San Antonio, TX.

Subjects.

Sixteen male C57BL/6J mice (The Jackson Laboratory, Bar Harbor, ME) were received at 

eight weeks of age. Mice were individually housed under a 14/10-h light/dark cycle (i.e., 

lights on at 5 am and off at 7 pm) and maintained in home cages at 85% of free-feeding 

body weight according to the growth curve provided by the commercial breeder. Mice were 

fed 2.5 g of food (Dustless Precision Pellets 500 mg, Rodent Grain-Based Diet, Bio-Serv, 

Frenchtown, NJ) immediately after experimental sessions. Water was available ad libitum 
in each home cage. The experiments, which were conducted seven days per week, were 

approved by The University of Texas Health Science Center at San Antonio’s Institutional 

Animal Care and Use Committee. The National Institutes of Health’s Guide for the Care and 
Use of Laboratory Animals (Institute for Laboratory Animal Research, 2011) was followed.

Drugs.

The compounds used in the present study were as follows: (±)-baclofen (Sigma-Aldrich, St. 

Louis, MO), CGP35348 [synthesized by J. Again at the University of Texas Health Science 

Center (San Antonio, TX), in the manner of Froestl and purity checked as described (Froestl 

et al., 1995)], GHB (National Institute on Drug Abuse), midazolam hydrochloride (Bedford 

Laboratories; Bedford, OH), and (−)-Morphine sulfate pentahydrate (National Institute on 

Drug Abuse). All compounds were dissolved in sterile water or saline. All compounds were 

administered intraperitoneally (i.p.) in a volume of saline equivalent to 10 mL/kg, 20 min 

prior to testing (i.e., being placed in the operant chamber), except CGP35348, which had a 5 

min pretreatment time, and midazolam and morphine, which was administered immediately 

before each subject was placed in the operant conditioning chamber. Doses were selected 

based on previous studies (Koek et al., 2013).

Apparatus.

Operant conditioning chambers (ENV-307A-CT, Med Associates Inc., St. Albans, VT) 

were stored in cubicles that attenuated external noise; each cubicle was equipped with an 

exhaust fan. External noise was masked further with a white-noise generator. Each chamber 

contained a stand-alone light on one wall and a 2.2 cm-diameter hole recessed on the same 

wall for presentation of liquid food. On the opposite wall, three identical nose-poking holes 

were horizontally arranged and spaced 5.5 cm apart. A stimulus light-emitting diode (LED) 

was installed in each nose-poking hole. The center of each hole was 1.6 cm above from the 

floor. When one or both the left and right holes were illuminated, disruption of a photobeam 

in one of the holes resulted in access to 0.01 cc of 50% v/v unsweetened condensed milk/

water through the dispenser hole on the opposite wall. The operant conditioning chambers 

were connected through an interface (MED-SYST-8, Med Associates Inc.) to a PC. Med-PC 

software (Med Associates Inc.) was used to control experimental events and provide a record 

of responses.
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Discrimination Training.

The 16 mice used in these studies were divided into two separate groups, one trained to 

discriminate baclofen the other trained to discriminate GHB. After seven days of habituating 

the mice to the housing room, experimental sessions were conducted approximately at the 

same time during the light period each day. Initially, mice were placed into the operant 

conditioning chamber for 60 min with both left and right holes illuminated. A photobeam 

disruption in either hole resulted in 10-s access to the condensed milk through presentation 

of a dipper. For 10 s, the milk dipper was presented to the mouse, the light on the wall was 

illuminated, and the lights inside the nose-poking holes were extinguished. Any disruption 

of a photobeam during milk dipper presentation was not associated with a programmed 

consequence. After 100 reinforcers per session were earned for four consecutive sessions, 

session duration was shortened to 25 min and the response requirement was systematically 

increased to a fixed ratio 10-response (FR10) schedule of reinforcement. Experimental 

sessions were then divided into a 10-min timeout; during the timeout, any disruption of a 

photobeam had no programmed consequence. Following the timeout, milk was available 

under the FR10 schedule for a total of 15 min.

Drug discrimination training was initiated by administering 3.2 mg/kg baclofen, 178 mg/kg 

GHB, or saline 20 min prior to the timeout during training sessions. During the 10-min 

timeout, all stimulus and house lights in the operant conditioning chamber were off. 

Following the 10-min timeout, illumination of the lights in the left and right nose-poke 

holes provided a stimulus indicating that milk was available for delivery pending completion 

of the FR10. During each training session, ten responses in the correct hole (left following 

baclofen or GHB for half of the mice; right following baclofen or GHB for the other 

half) resulted in presentation of milk. During saline-training sessions, ten responses in 

the opposite hole were required to obtain milk delivery. Correct holes were permanently 

assigned. The sequence of training included two consecutive days of baclofen or GHB 

training followed by two consecutive days of saline training. To pass a training session, two 

criteria had to be satisfied: 1) a minimum of 80% of the total responses during the 15-min 

response period needed to be correct; and 2) any incorrect responses made prior to delivery 

of the first reinforcer needed to be less than ten (i.e., the first reinforcer had to be obtained 

with fewer than a total of 20 responses in both holes). Responses in the incorrect hole had 

no scheduled consequences, i.e., did not reset the ratio requirement. Testing commenced 

once the criteria were satisfied in five consecutive or six out of seven training sessions. 

After the first test, inter-test training alternated between one baclofen- or GHB- and one 

saline-training session; however, the first training condition (i.e., baclofen/GHB or saline) 

following each test session varied non-systematically. If a mouse failed to meet the criteria, 

a training condition was repeated. However, the next training session was switched to 

the alternative training condition to avoid more than two consecutive days of a particular 

training condition. Subsequent test sessions were conducted after the mouse passed at least 

three consecutive training sessions.

Discrimination Testing.

Test sessions were the same as training sessions, except that ten responses in either hole 

resulted in milk presentation. Dose-effect tests were conducted with baclofen or GHB, 
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followed by GHB (for baclofen-trained mice) or baclofen (for GHB-trained mice). Within 

each drug test series, the doses of each were studied in ascending order. The control 

compounds midazolam and morphine were studied next. Drugs were administered from 

doses that produced less than 20% drug-appropriate responding up to doses that produced 

greater than or equal to 80% drug-appropriate responding, antagonized drug-appropriate 

responding produced by a test drug, decreased response rates to less than 20% of the 

saline control rates achieved during saline training or were deemed potentially toxic or 

up to the maximum solubility. Dose-effect functions for all substituted compounds were 

conducted prior to testing with CGP 35348. Dose-effect functions for each training drug 

were determined twice: once before and again after completion of all tests with other drugs.

Data analyses.

All data are expressed as the mean ± standard error of the mean (S.E.M.). The 

discrimination data were expressed as the percentage of drug-appropriate responses out 

of the total number of responses per subject. The response rate data were expressed as 

a percentage of control for each animal, defined as the mean response rate from the five 

saline training sessions immediately preceding the test. Some animals lost their respective 

discriminative stimulus for the training drug dose during the experimental testing and were 

removed from the study. In some conditions, this led to an uneven experimental group 

number reported. Statistical analyses were conducted using SigmaPlot version 14.0 (Systat 

Software Inc., San Jose, CA). Dose-effect data were fitted with straight lines using linear 

regression. The linear portion of a dose-effect function, as determined per individual mouse, 

included only one dose that produced a less than 20% effect, and one dose greater than 

50% effect. If these criteria were not met, (i.e., midazolam in GHB-discriminating mice) 

then the linear portion of a dose-effect function was unable to be determined. The slopes 

of different functions were determined by grouping individual data in a single analysis 

and were compared with one way (repeated-measures) analysis of variance (ANOVA), with 

post-hoc Bonferroni tests. When the mean of drug-appropriate responding was greater than 

50%, the ED50 values and corresponding 95% confidence limits were calculated according 

to Tallarida (2000).

Results

The discriminative stimulus effects of baclofen: substitution and antagonism.

Saline (i.p.) produced 4.7% (S.E.M: 1.7%) drug-appropriate responding in mice trained 

with 3.2 mg/kg baclofen. The dose-effect functions determined for baclofen, determined 

once at the beginning and again at the end of the study, were not significantly different 

from each other (p values > 0.05); these were averaged for further analyses (Figure 1A, 

symbols above Saline). In baclofen-trained mice, baclofen produced a maximum of 86% 

baclofen-appropriate responding at the training dose of 3.2 mg/kg; a dose of 5.6 mg/kg 

baclofen decreased response rate to 15% of control (Figure 1A and 1B, respectively, filled 

circles). The ED50 values (95% confidence limits) of baclofen to produce discriminative 

stimulus and rate-decreasing effects were 1.87 (1.36 ― 2.42) and 3.61 (2.51 ― 5.08) mg/kg 

(i.p.), respectively. Both doses of CGP 35348 studied (100, 320 mg/kg, i.p.) produced dose-

dependent rightward shifts up to 4.7-fold in the baclofen discriminative stimulus dose-effect 
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function (Figure 1A, open triangles). The ED50 values (95% confidence limits) of baclofen 

to produce discriminative stimulus effects in the presence of 100 and 320 mg/kg CGP 

35348 were 6.68 (4.93 ― 17.6) and 8.87 (2.76 ― 14.3) mg/kg (i.p.), respectively. Likewise, 

both doses of CGP 35348 also produced dose-dependent rightward shifts for the effects of 

baclofen to decrease operant response rates (Figure 1B, open triangles). The ED50 values 

(95% confidence limits) of baclofen to decrease operant response rates in the presence of 

100 and 320 mg/kg CGP 35348 were 6.23 (2.29 ― 30.9) and 15.0 (10.7 ― 63.1) mg/kg 

(i.p.), respectively.

In baclofen-trained mice, GHB produced a maximum of 86% baclofen-appropriate 

responding at 178 mg/kg; the dose of 320 mg/kg GHB abolished responding (Figure 1C,D, 

respectively, open circles). The ED50 values (95% confidence limits) of GHB to produce 

baclofen-like discriminative stimulus and rate-decreasing effects were 112 (95.8 ― 134) 

and 149 (122 ― 183) mg/kg (i.p.), respectively. The dose of 100 mg/kg CGP 35348 did 

not significantly antagonize the either the discriminative stimulus or rate decreasing effects 

of GHB (Figure 1C, closed triangles). The ED50 values (95% confidence limits) of GHB 

to produce baclofen-like discriminative stimulus and rate-decreasing effects in the presence 

of 100 mg/kg CGP 35348 were 159 (2.99 ― 234) and 161 (49.1 ― 248) mg/kg (i.p.), 

respectively. However, 320 mg/kg CGP 35348 produced antagonism of both the GHB 

discrimination dose-effect function as well as GHB rate-decreasing effects (Figure 1C and 

1D, respectively, filled downward-facing triangles). The ED50 value (95% confidence limits) 

of GHB to produce rate-decreasing effects in the presence of 320 mg/kg CGP 35348 was 

189 (77.1 ― 276) mg/kg (i.p.).

Morphine produced a maximum of 5.4% baclofen-appropriate responding at 3.2 mg/kg; 

the dose of 3.2 mg/kg morphine decreased response rate to 51% (S.E.M: 7.9%) of control 

(Figure 1E and 1F, filled squares). The benzodiazepine midazolam produced a maximum 

of 52% baclofen-appropriate responding at 32 mg/kg; a dose of 100 mg/kg midazolam 

abolished responding (Figure 1E and 1F, open squares). The ED50 values (95% confidence 

limits) of midazolam to produce discriminative stimulus and rate-decreasing effects were 

21.5 (12.3 ― 202) and 48.8 (27.5 ― 171) mg/kg, respectively.

The discriminative stimulus effects of GHB: substitution and antagonism.

Saline (i.p.) produced 4.3% (SEM 0.9%) drug-appropriate responding in mice trained with 

178 mg/kg GHB. The dose-effect functions determined for GHB, once at the beginning and 

again at the end of the study, were not significantly different from each other (p value > 

0.05); these were averaged for further analyses (Figure 2A and 2B, symbols above Saline). 

In GHB-trained mice, GHB produced a maximum of 85% GHB-appropriate responding at 

the training dose of 178 mg/kg GHB; a dose of 320 mg/kg GHB abolished responding 

(Figure 2A and 2B, closed circles). The ED50 values (95% confidence limits) of GHB to 

produce discriminative stimulus and rate-decreasing effects were 142 (135 ― 150) and 190 

(130 ― 250) mg/kg, respectively. In mice trained with GHB, 100 mg/kg CGP 35348 did 

not significantly modify either the GHB discriminative stimulus dose-effect function or rate 

decreasing effects of GHB (Figure 2A, and 2B, closed upward facing triangles). The ED50 

values (95% confidence limits) of GHB to produce GHB-like discriminative stimulus and 
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rate-decreasing effects in the presence of 100 mg/kg CGP 35348 were 161 (122 ― 213) and 

208 (174 ― 248) mg/kg (i.p.), respectively. However, 320 mg/kg CGP 35348 produced a 

1.8-fold and 1.5-fold rightward shift in the GHB discriminative stimulus dose-effect function 

and rate decreasing effects of GHB, respectively (Figure 2A, and 2B, closed downward 

facing triangles). The ED50 values (95% confidence limits) of GHB to produce GHB-like 

discriminative stimulus and rate-decreasing effects in the presence of 320 mg/kg CGP 35348 

were 260 (210 ― 391) and 282 (222 ― 450) mg/kg (i.p.), respectively.

In GHB-trained mice, baclofen produced a maximum of 70% GHB-appropriate responding 

at 5.6 mg/kg; a dose of 10 mg/kg baclofen abolished responding (Figure 2C and 2D, 

closed circles). The ED50 values (95% confidence limits) of baclofen to produce GHB-like 

discriminative stimulus and rate-decreasing effects were 4.45 (3.57 ― 6.78) and 3.61 

(2.41 ― 83.6) mg/kg, respectively. In mice trained with GHB, CGP 35348 produced 

dose-dependent rightward shifts in the baclofen discriminative stimulus dose-effect function 

(Figure 2C, open triangles). When combined with CGP 35348 doses of 100 and 320 mg/kg, 

maximum GHB-appropriate responding was 46.3% and 36.9%, respectively. Likewise, CGP 

35348 (100, 320 mg/kg, i.p.) produced dose-dependent rightward shifts in the baclofen 

response rate dose-effect function (Figure 2D, open triangles). The ED50 values (95% 

confidence limits) of baclofen rate-decreasing effects in the presence of 100 or 320 mg/kg 

CGP 35348 were 12.8 (9.89 ― 20.8) and 20.0 (13.8 ― 33.4) mg/kg (i.p.), respectively.

Morphine produced a maximum of 28% GHB-appropriate responding; the dose of 3.2 

mg/kg morphine decreased response rate to 50% of control (S.E.M: 14.2%) (Figure 2E and 

2F, closed squares). Midazolam produced a maximum of 42% GHB-appropriate responding 

at 32 mg/kg (Figure 2E and 2F, open squares). The ED50 value (95% confidence limits) of 

midazolam to decease response rate was 40.7 (23.8 ― 69.8) mg/kg.

Discussion

Separate groups of mice can be trained to discriminate either 178 mg/kg i.p. GHB 

or 3.2 mg/kg i.p. baclofen. The observed partial cross-substitution, i.e., GHB partially 

substituted for the baclofen discriminative stimulus, and baclofen partially substituted for 

the GHB discriminative stimulus, suggests that these drugs produce discriminative stimulus 

effects through overlapping pharmacological mechanisms. Antagonism of both drugs by the 

GABAB receptor antagonist CGP 35348 demonstrates the involvement of GABAB receptors 

in mediating the discriminative stimulus effects of both drugs. These results are consistent 

with and extend the results of previous drug discrimination studies in other species (Koek et 
al., 2004; 2006). These results also extend the noted differences in the potency of GABAB 

receptor antagonists in the behavioral effects of baclofen and GHB in a number of different 

assays including the discriminative stimulus properties of these two drugs (Koek et al., 2007; 

Koek & France, 2008).

These results add to a growing literature showing that GHB possesses a complex 

pharmacology. GHB exerts GABAB receptor agonist activity, albeit and apparently as part 

of a complex pharmacology that includes mechanisms in addition to GABAB receptors. 

The additional pharmacological activity of GHB has been suggested to include actions at 
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GABAA receptors as well as a putative GHB receptor (Bay et al., 2014; van Nieuwenhuijzen 

& McGregor, 2009; Connelly et al., 2013; Molnár et al., 2009). Previous studies in mice 

demonstrate that GHB shares many similar properties to alcohol, but the two drugs do not 

fully substitute for one another (Cook et al., 2006). Although outside the scope of this short 

report, additional mouse drug discrimination studies investigating the relative contribution 

of GABAA receptors and the putative GHB receptor would provide additional insights into 

GHB-related pharmacology.

In the design of future baclofen and GHB drug discrimination assays, the dose of the 

training drug should be considered. Here, we based our training doses of baclofen and GHB 

off of previous reports in pigeons (Koek et al., 2013). One aspect of drug discrimination 

is the dose of the drug selected for training as a discriminative stimulus is known to 

impact the pharmacological selectivity of the resulting discrimination. For example, the 

discrimination of a relatively small training dose can lack pharmacological selectivity 

because the magnitude of the difference between the presence of a “drug effect” versus 

its absence is relatively small and difficult to detect. Lack of pharmacological selectivity 

is evidenced by substitution of test drugs with mechanisms of action distinct from the 

training drug. This may be one explanation for the similar but not overlapping baclofen and 

GHB discriminative effects in these current studies. In contrast, sufficiently large training 

doses can result in discriminations that are relatively selective for test drugs that share a 

mechanism of action with the training drug (Smith and Stolerman, 2009; Cunningham and 

McMahon, 2013). Thus, it will be important to look at higher GHB and baclofen training 

doses in future studies. In these studies, morphine produced some discriminative stimulus 

effects similar to GHB but not baclofen. One possible explanation for this observation 

may be that the mice were perhaps partially discriminating a sedative-like effect. Without 

further information, only a limited interpretation of these data is possible. Thus, additional 

substitution studies with different drug classes or other drugs within the same drug class, as 

well as additional antagonism studies, are needed to evaluate the complex pharmacology of 

GHB and baclofen.

The current in vivo literature establishing the GABAB receptor pharmacology of GHB 

has relied primarily on receptor antagonists and agonists. These current results showing 

that mice can reliably discriminate either baclofen or GHB underscore the potential utility 

of integrating drug discrimination assays, pharmacological tools, and genetic knockout or 

transgenic strategies currently most readily available in mice to interrogate the complex 

receptor pharmacology of GHB.
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Non-standard abbreviations:

CGP 35348 γ-aminobutyric acid (GABA), (3-Aminopropyl)

(diethoxymethyl)phosphinic acid

GHB gamma hydroxybutyrate

FR fixed ratio
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Figure 1. Discriminative stimulus (top row) and rate-decreasing (bottom row) effects in mice 
trained to discriminate 3.2 mg/kg baclofen from saline.
A.) CGP 35348 (100 mg/kg, open upward facing triangles, 320 mg/kg open squares) 

antagonizes baclofen discriminative stimulus (closed circles) and B.) rate-decreasing effects. 

C.) At a lower dose CGP 35348 (100 mg/kg, closed upward facing triangles) does not 

antagonize GHB (open circles) discriminative stimulus and D.) rate-decreasing effects; at 

a higher dose (320 mg/kg closed squares) it does. E.) Discriminative stimulus and F.) 

rate-decreasing effects of morphine (closed diamonds) and midazolam (open diamonds). 

Top panels show drug-appropriate responding on the ordinates and drug dose in mg/kg (log 

scale) on the abscissae. Bottom panels show response rate normalized to saline control on 

the ordinates as function of drug dose in mg/kg (log scale) on the abscissae. All data points 

represent the mean and SEM of 8 independent determinations, except as listed in the top 

panels. These reduced animal numbers are also reflected in the respective lower panel data.
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Figure 2. Discriminative stimulus (top row) and rate-decreasing (bottom row) effects in mice 
trained to discriminate 178 mg/kg GHB from saline.
A.) CGP 35348 (100 mg/kg, closed upward facing triangles, 320 mg/kg closed squares) does 

not significantly antagonize either GHB discriminative stimulus (open circles) or B.) rate-

decreasing effects. C.) CGP 35348 (100 mg/kg, open upward facing triangles, 320 mg/kg 

open squares) antagonizes baclofen discriminative stimulus (closed circles) and D.) rate-

decreasing effects. E.) Discriminative stimulus and F.) rate-decreasing effects of morphine 

(closed diamonds) and midazolam (open diamonds) in mice trained to discriminate 178 

mg/kg GHB from saline. Top panels show drug-appropriate responding on the ordinates 

and drug dose in mg/kg (log scale) on the abscissae. Bottom panels show response rate 

normalized to saline control on the ordinates as function of drug dose in mg/kg (log 

scale) on the abscissae. All data points represent the mean and SEM of 8 independent 

determinations, except as listed in the top panels. These reduced animal numbers are also 

reflected in the respective lower panel data.
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