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INTRODUCTION

The research group involved in the evaluation of stimulant and depressant compounds has been in existence for approximately 18 years.  The group now includes laboratories at The University of Texas Health Science Center at San Antonio (UTHSCSA; France, McMahon), University of Michigan (UM; Winger) and University of Mississippi Medical Center (UMMC; Woolverton), and is part of the Drug Evaluation Committee (J. Woods, Chair) of the College on Problems of Drug Dependence (CPDD) which is supported by both the CPDD and the National Institute on Drug Abuse (NIDA).  One of the purposes of the group is to evaluate new compounds, generally classified as either stimulants or depressants, for their abuse liability and physical dependence potential.  Compounds are received, coded and distributed by A. Coop at the University of Maryland School of Pharmacy (Baltimore) for blind testing in the various laboratories.  They are evaluated for reinforcing effects in monkeys that previously self-administered methohexital (UM), and for discriminative stimulus effects in pentobarbital-trained monkeys (UMMC), midazolam-trained monkeys (UTHSCSA), and flumazenil-trained monkeys that receive diazepam daily (UTHSCSA).  This report includes the results of evaluation of CPDD 0060, CPDD 0061 and CPDD 0062.  All studies were conducted in accordance with the guidelines of the Institutional Animal Care and Use Committee, UTHSCSA, UM, UMMC, and the Guide for the Care and Use of Laboratory Animals as adopted and promulgated by the National Institutes of Health.

METHODS

Reinforcing Effects in Rhesus Monkeys (UM)
Subjects
Subjects were rhesus monkeys (Macaca mulatta) experienced with self-administration of sodium methohexital.  Animals were surgically prepared with indwelling silicone rubber catheters using 10 mg/kg i.m. ketamine and 2.0 mg/kg i.m. xylazine as anesthetics.  Catheters were implanted in jugular (internal or external), femoral or brachial veins as necessary.  Catheters passed subcutaneously (s.c.) to the mid-scapular region, exited the body and continued, through a hollow restraining arm, to the outside rear of the cage.

Apparatus
The restraint and catheter protection devices are described in detail by Deneau et al. (1969).  Each monkey wore a tubular stainless steel harness that protected the exit site of the catheter and allowed relatively unrestricted movement within the cage.  A Teflon cloth jacket (Alice King Chatham Medical Arts, Los Angeles, CA) provided further protection of the catheter for some animals.  The harness was connected to a flexible spring arm that carried the catheter to the back of the cage where it joined tubing passing through a roller infusion pump (Watson and Marlow Co., Model MHRK 55, Falmouth, UK).

Monkeys were individually housed in stainless steel cages, measuring 83.3 X 76.2 X 91.4 cm deep.  A 15.4 cm square stimulus panel was located on the side of each cage, approximately 10 cm from the front and 19 cm from the bottom of the cage.  Across the top of the stimulus panel, 1.5 cm apart, were three circular, 2.5 cm in diameter, translucent plastic stimulus lights that could be illuminated by 5 W colored bulbs.  The two side lights could be illuminated red and the center light green.  Below each of the two red stimulus lights was a response lever (Model 121-07; BRS-LVE, Beltsville, MD) capable of being operated by a force of 0.010 to 0.015 N.  Experimental control was provided by an IBM PS/2 computer programmed with Med-PC (Med-Associates, Fairfield, VT) software and located in an adjoining room.

Procedure
Reinforcing effects of CPDD 0060, CPDD 0061 and CPDD 0062 were evaluated in a substitution self-administration procedure in monkeys who were experienced with i.v. self administration of methohexital.  Test sessions and baseline sessions had the same general structure.  At the start of each session, a red light was illuminated over one of two levers.  When a monkey completed the fixed-ratio requirement of 10 presses on that lever (fixed-ratio [FR] 10), a 5-second, 1.0 ml injection of saline, sodium methohexital (0.1 mg/kg), or a test compound was delivered.  The red light was extinguished and a center green light was illuminated for the duration of the infusion.  Each injection was followed by a 10-second timeout during which all stimulus lights were extinguished and responding had no programmed consequence.

Twice daily experimental sessions lasted 130 minutes each.  On approximately half of the baseline sessions, the monkeys could respond for saline.  All animals showed clear and consistent differential responses to saline and methohexital before test compounds were evaluated.  In test sessions a dose of the test compound was made available for one session.  Other conditions were similar to those of the baseline sessions. 

Drugs
Four doses (0.1, 0.3, 1.0, and 3.2 mg/kg/injection) of CPDD 0060 and CPDD 0061 were studied in four and three monkeys, respectively.  Three doses (0.1, 0.3 and 1.0 mg/kg/injection) of CPDD 0062 were studied in three monkeys and a larger dose (3.2 mg/kg/injection) was studied in one of the three monkeys.  Doses of CPDD 0060, CPDD 0061 or CPDD 0062 larger than 3.2 mg/kg/injection could not be studied due to limitations in solubility.  CPDD 0060 and CPDD 0061 were dissolved in saline and CPDD 0062 and methohexital sodium were dissolved in sterile water.

Discriminative Stimulus Effects in Rhesus Monkeys (pentobarbital discrimination, UMMC)
Subjects
Four adult rhesus monkeys were housed individually in stainless steel cages; water was available continuously.  They received 120 to 200 g of Teklad monkey chow after each session and a chewable vitamin tablet 3 times per week.

The monkeys had been trained previously to discriminate pentobarbital from saline in a two-lever, discrete-trial shock avoidance procedure.  All monkeys had received other test drugs prior to CPDD 0060, CPDD 0061 and CPDD 0062.

Apparatus
During experimental sessions animals were seated in primate restraint chairs and placed inside sound-attenuating cubicles.  All chairs were fitted with shoes containing brass plates in the soles that permitted delivery of electric shock produced by a shock generator (SG 903 BRS/LVE, Laurel, MD).  Chambers were equipped with two response levers (PRL-001, BRS/LVE, Laurel, MD) mounted on one wall.  There were four white lights above each lever.  Chambers were illuminated with ceiling-mounted 40w incandescent house lights.  Experimental events were programmed and recorded with an Apple Macintosh II computer that was located in a room adjacent to the one in which animals were tested.

Procedure
The training and test procedures have been reported in detail elsewhere (Woolverton et al., 1994).  A monkey was placed in the restraint chair and either saline (1-2 ml) or the training drug was administered intragastrically (i.g.) via a nasogastric tube, followed by a 1.5 ml saline flush. Fifty-five minutes after infusion, the monkey was placed into the experimental chamber.

The session began with a 5-minute timeout that was followed by 30 trials.  On each trial the house light and lever lights were illuminated and responding on the correct lever postponed scheduled shock and extinguished the lights.  Incorrect responses reset the response requirement on the correct lever.  The correct lever was determined by the pre-session infusion (drug or saline).  If the response requirement (FR 5) was not satisfied on the correct lever within 10 seconds of the onset of the lights, shock (250-msec, 5-mA) was delivered.  If the response requirement was not satisfied within 4 additional seconds, a second shock was delivered and the trial ended.  The session was terminated when 2 shocks were delivered in 2 consecutive trials or after 30 trials.  Consecutive trials were separated by 30-sec timeouts.

Training sessions were conducted five days a week according to the following schedule:  SDDSS, DSSDD, where S denotes sessions preceded by saline and D denotes sessions preceded by drug.  Discrimination training continued until at least 90% of the responses in the first trial were on the correct lever and subjects avoided shock on at least 90% of the trials (27/30) for seven out of eight consecutive sessions.  When subjects failed to satisfy criteria, the training sequence was continued until the criteria were satisfied.  Test sessions were identical to training sessions except that test drugs were administered and completing the response requirement on either lever postponed scheduled shock.

Drugs
Pentobarbital was mixed daily by diluting Nembutal (Abbott Laboratories, North Chicago, IL) with saline.  The training dose of pentobarbital was 5.6 (8814-Ru) or 10 mg/kg i.g.  Four doses (30, 100, 300 and 560 mg/kg) of CPDD 0060, four doses (10, 30, 100 and 300 mg/kg) of CPDD 0061, and four doses (1, 3, 10 and 30 mg/kg) of CPDD 0062 were studied.  CPDD 0060 and CPDD 0061 were dissolved in water and the infusion volumes were 0.25-0.5 ml/kg.  CPDD 0062 was prepared in a 40 mg/ml stock solution that was 1:1 Alkamuls EL620:95% ethanol.  For lower doses of CPDD 0062, saline was added to an appropriate amount of stock solution to allow an infusion volume of 0.25 ml/kg.  For 30 mg/kg of CPDD 0062, the infusion volume was 0.85 ml/kg.

 Discriminative Stimulus Effects in Rhesus Monkeys (flumazenil and midazolam discriminations, UTHSCSA)
Subjects
Six rhesus monkeys, weighing between 3.5 and 10.0 kg, were housed individually in stainless steel cages.  Water was continuously available and monkeys received primate chow (Harlan Teklad, Madison, WI) daily as well as fresh fruit and peanuts several days per week.

Apparatus
Monkeys were seated in chairs that provided restraint at the neck.  For midazolam discriminating monkeys, chairs were equipped with shoes containing brass electrodes, to which brief (250 msec) electric shock could be delivered from a.c. generators located adjacent to the chambers.  During experimental sessions, chairs were located in sound-attenuating, ventilated chambers that were equipped with several response levers, a food cup and an array of stimulus lights.

Procedure
Flumazenil Discrimination.  Monkeys consumed 5.6 mg/kg of diazepam in 45-50 ml of fruit punch 3 hrs prior to daily sessions in which they discriminated between s.c. injections of 0.1 (JI) or 0.32 mg/kg of flumazenil and vehicle while responding under a FR 5 schedule of food presentation (Gerak and France, 1999).  Daily training sessions consisted of several discrete, 15-minute cycles.  Each cycle comprised a 10-minute timeout, during which the chamber was dark and lever presses had no programmed consequence, followed by a response period, during which the chamber was illuminated green and monkeys could receive food by responding five times on the appropriate lever as determined by the s.c. injection administered during the first minute of the 10-minute timeout (e.g., left lever after vehicle, right lever after flumazenil).  The response period ended after 5 minutes or the delivery of 10 food pellets, whichever occurred first.  Responses on the injection-inappropriate lever reset the response requirement on the correct lever.

Test sessions were conducted following training sessions in which (80% of the total responses occurred on the lever designated correct by the injection administered during the first min of the cycle and fewer than five responses occurred on the incorrect lever prior to completion of the FR response requirement on the correct lever.  Prior to each test, these criteria had to be satisfied for training sessions during which flumazenil and vehicle injections were administered.  The type of training session preceding test sessions varied non-systematically.  Test sessions were identical to training sessions except that various doses of flumazenil were administered during the first minute of each timeout (cumulative dosing procedure); otherwise, various doses of a test compound were administered prior to or during the first minute of the first cycle followed by vehicle or sham injections during the first minute of subsequent cycles (time course procedure).  Five consecutive responses on either lever resulted in food delivery.  Substitution for flumazenil was defined as (80% responding on the drug-appropriate lever.   

Midazolam Discrimination.  Monkeys discriminated between s.c. injections of 0.32 mg/kg of midazolam and vehicle while responding under a FR 10 schedule of stimulus-shock termination (Lelas et al., 1999).  Daily sessions comprised multiple, 15-minute cycles each comprising a 10-minute timeout, during which the chamber was dark and lever presses had no programmed consequence, followed by a response period, during which the chamber was illuminated red and shocks were scheduled to occur every 15 sec.  Monkeys could prevent scheduled shocks for 30 seconds by completing the response requirement.

Test sessions were conducted following training sessions in which (80% of the total responses occurred on the lever designated correct by the injection administered during the first min of the cycle and fewer than ten responses occurred on the incorrect lever prior to completion of the FR response requirement on the correct lever.  Prior to each test, these criteria had to be satisfied for training sessions during which midazolam and saline injections were administered.  The type of training session preceding test sessions varied non-systematically.  Test sessions were identical to training sessions except that various doses of midazolam were administered during the first minute of each timeout (cumulative dosing procedure); otherwise, various doses of a test compound were administered prior to or during the first minute of the first cycle followed by saline or sham injections during the first minute of subsequent cycles (time course procedure).  Ten consecutive responses on either lever postponed the shock schedule.  Substitution for midazolam was defined as (80% responding on the drug-appropriate lever.   

Drugs
Diazepam (Zenith Laboratories, Northvale, NJ) was suspended in 45-50 ml (depending on body weight) of fruit punch containing suspending Agent K to yield a dose of 5.6 mg/kg/daily drinking episode.  Flumazenil (F. Hoffman LaRoche, LTD, Basel, Switzerland) was dissolved in a vehicle of 10% ethanol, 40% propylene glycol and 50% saline; midazolam hydrochloride was prepared commercially (Roche Pharma, Inc., Manati PR).  CPDD 0060 (32, 100 and 320 mg/kg in flumazenil discriminating monkeys; 100, 320 and 560 mg/kg in midazolam discriminating monkeys) was administered s.c. 2 hrs prior to 2-hr sessions.  CPDD 0061 (100, 178 and 320 in flumazenil and midazolam discriminating monkeys; 560 mg/kg also in midazolam discriminating monkeys) was administered s.c. at the beginning of 2-hr sessions.  CPDD 0062 (32 and 100 mg/kg) was administered s.c. at the beginning of 2-hr sessions in flumazenil and midazolam discriminating monkeys.  CPDD 0060 and CPDD 0061 were dissolved in saline and CPDD 0062 was dissolved in 50% ethanol and 50% emulphor.  

RESULTS

CPDD 0060
1,4-Butanediol (1,4-BDL)
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Reinforcing Effects in Rhesus Monkeys
Figure 1 shows the results of self-administration studies with CPDD 0060 in four monkeys experienced with self-administration of methohexital.  Each symbol designates the number of injections taken by the individual monkeys.  The symbols over M represent the number of injections of sodium methohexital averaged over two sessions that occurred prior to evaluation of the first, smallest dose of CPDD 0060.  Data for sessions in which saline was delivered contingent on responding are not shown and were typically 10-15 injections per session.

In three of the four monkeys, CPDD 0060 maintained low levels of responding across all tested doses; no reinforcing effect was shown by this drug at these doses.  In monkey N, at a single dose of 0.32 mg/kg/injection, CPDD 0060 maintained behavior that was greater than that maintained by saline.  N is a monkey that often shows reinforcing effects of drugs that other monkeys do not report as reinforcing.  His behavior is therefore interesting, but somewhat atypical.  Results with monkey N might indicate that CPDD 0060 has reinforcing effects in some individuals.

Figure 1  Self-administration of CPDD 0060 in monkeys experienced with methohexital
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Discriminative Stimulus Effects in Rhesus Monkeys (pentobarbital discrimination)
Monkeys that discriminated between saline and pentobarbital responded (95% on the injection-appropriate lever during test sessions with the training drug or vehicle (Table 1).  When administered 60 minutes before the session, CPDD 0060 engendered little or no drug-appropriate responding (Table 1).  Response rates were not systematically affected, except for a small decrease in monkey 8814 at the largest doses.  When pretreatment time was varied between 120 and 240 minutes for doses of 100 and 300 mg/kg, no drug-appropriate responding was observed, and 100 mg/kg had no effect on response rates (Table 2).  However, 300 mg/kg of CPDD 0060 decreased response rate when administered 120 minutes before the session, an effect that was diminished when the compound was administered 180 minutes before the session.  After sessions in which response rate was decreased, monkeys were sedated and ataxic.  These results demonstrate that CPDD 0060 did not have pentobarbital-like discriminative stimulus effects in rhesus monkeys when administered i.g. in doses up to 560 mg/kg, even under conditions in which response rate was decreased and sedative-like effects were observed.

Table 1  Discriminative stimulus effects of i.g. administration of CPDD 0060 in monkeys discriminating pentobarbital: dose response

	Subject
	Pentobarbital
	Saline
	CPDD 0060 Dose (mg/kg)

       30                     100                  300                 560

	Ef3-E
	100 / 2.2
	3 / 2.5
	0 / 3.6
	0 / 3.3
	0 / 2.2
	nt

	AQ63-G
	100 / 2.2
	0 / 3.0
	0 / 3.0
	0 / 2.8
	0 / 2.5
	0 / 2.8

	17015-Ro
	96 / 2.1
	5 / 2.4
	nt
	0 / 3.1
	0 / 2.7
	nt

	8814-Ru
	100 / 1.3
	0 / 2.0
	0 / 1.9
	0 / 1.9
	18 / 1.0
	10 / 1.1


Monkeys were trained to discriminate 5.6 (8814) or 10.0 mg/kg pentobarbital (i.g.) from saline in a discrete trial shock-avoidance termination paradigm.  The response requirement was FR 5.  Data represent the percent drug-appropriate trials / average response rate (responses / second).  CPDD 0060 was administered via nasogastric tube 60 minutes prior to testing.  In all cases 30 trials were completed.  Doses of CPDD 0060 up to 300 mg/kg were tested twice, except in monkey 17015 where they were tested once; 560 mg/kg was tested once. nt=not tested.

Table 2  Discriminative stimulus effects of i.g. administration of CPDD 0060 in monkeys discriminating pentobarbital: time course

	Subject
	CPDD 0060 (100 mg/kg)

Time (min)

       120                  180                   240
	CPDD 0060 (300 mg/kg)

Time (min)

       120                 180

	Ef3-E
	0 / 3.0
	0 / 2.5
	0 / 2.7
	* / 0.1
	0 / 0.4

	AQ63-G
	0 / 3.1
	0 / 2.8
	0 /3.0
	0 / 1.5
	0 / 2.7

	17015-Ro
	0 / 2.8
	nt
	nt
	0 / 2.6
	0 / 2.7

	8814-Ru
	0 / 2.1
	0 / 2.1
	0 / 1.8
	28 / 0.2
	0 / 0.2


CPDD 0060 was administered via nasogastric tube at various time points (120-240 min) prior to testing.  Doses of CPDD 0060 were tested once.  *No completed trials.  nt=not tested.  See Table 1 for other details.

Discriminative Stimulus Effects in Rhesus Monkeys (flumazenil and midazolam discriminations)
In monkeys receiving diazepam daily and discriminating between flumazenil and vehicle, flumazenil produced dose-related increases in the percentage of responses on the drug-associated lever with a dose of 0.1 mg/kg occasioning (80% drug-lever responding (Table 3).  Administration of CPDD 0060 (32, 100 and 320 mg/kg) 2 hrs prior to 2-hr sessions did not substitute (i.e. produce (80% DR) for the flumazenil discriminative stimulus in any monkey (Table 4).  A dose of 32 mg/kg of CPDD 0060 did not alter response rate.  A dose of 100 mg/kg of CPDD 0060 substantially decreased response rate in one monkey (JI) and a dose of 320 mg/kg of CPDD 0060 suppressed responding in two monkeys (DA and ROL).

Table 3  Discriminative stimulus effects of flumazenil in diazepam (5.6 mg/kg/day) treated rhesus monkeys discriminating flumazenil: dose response
	Subject
	Flumazenil Dose (mg/kg)
      Veh                     0.01                0.032                 0.1

	DA
	2 / 0.76
	11 / 2.33
	33 / 1.48
	90 / 2.06

	ROL
	0 / 1.39
	4 / 1.43
	10 / 1.71
	86 / 1.50

	JI
	0 / 1.45
	0 / 1.75
	18 / 1.79
	85 / 1.26


Monkeys were trained to discriminate 0.1 mg/kg (JI) or 0.32 mg/kg (s.c.) flumazenil from vehicle under a schedule of food presentation.  The response requirement was FR 5.  Data represent the percent drug-appropriate responding / response rate (responses / second).

Table 4  Discriminative stimulus effects of CPDD 0060 in diazepam (5.6 mg/kg/day) treated rhesus monkeys discriminating flumazenil: dose response

	Subject
	CPDD 0060 Dose (mg/kg)

         32                        100                      320

	DA
	12 / 1.32
	2 / 1.19
	* / 0

	ROL
	1 / 1.25
	4 / 1.41
	* / 0

	JI
	4 / 1.51
	* / 0.29
	nt


CPDD 0060 was administered s.c. 2 hrs before sessions and data are the average of 8 cycles in a 2-hr session.  *Discrimination data are not presented when response rate was <20% of control response rate.  nt = not tested.  See Table 3 for other details.

In monkeys discriminating between midazolam and saline, midazolam produced dose-related increases in the percentage of responses on the drug-associated lever with a dose of 0.1 (LI) or 0.32 mg/kg occasioning (80% drug-lever responding (Table 5).  Administration of CPDD 0060 (100, 320 and 560 mg/kg) 2 hrs prior to 2-hr sessions did not substitute (i.e. produce (80% DR) for the midazolam discriminative stimulus in any monkey (Table 6).  A dose of 100 mg/kg of CPDD 0060 did not alter response rate.  A dose of 320 mg/kg of CPDD 0060 suppressed responding in one monkey (RO) and a dose of 560 mg/kg of CPDD 0060 substantially decreased responding in another monkey (SA).

Table 5  Discriminative stimulus effects of midazolam in rhesus monkeys discriminating midazolam: dose response
	Subject
	midazolam dose (mg/kg)
       Veh                   0.01                0.032                  0.1                  0.32

	RO
	0 / 2.61
	0 / 2.41
	0 / 2.43
	21 / 2.72
	100 / 1.90

	LI
	0 / 2.23
	0 / 1.95
	0 / 1.74
	100 / 1.35
	nt

	SA
	0 / 2.36
	nt
	0 / 2.46
	36 / 1.40
	93 / 1.00


Monkeys were trained to discriminate 0.32 mg/kg (s.c.) midazolam from saline under a schedule of stimulus-shock termination.  The response requirement was FR 10.  Data represent the percent drug-appropriate responding / response rate (responses / second).  nt=not tested.

Table 6  Discriminative stimulus effects of CPDD 0060 in rhesus monkeys discriminating midazolam: dose response

	Subject
	CPDD 0060 (mg/kg)

         100                      320                      560

	RO
	0 / 2.49
	* / 0
	nt

	LI
	0 / 2.28
	0 / 1.26
	nt

	SA
	0 / 2.50
	0 / 1.40
	* / 0.4


CPDD 0060 was administered s.c. 2 hrs before sessions and data are the average of 8 cycles in a 2-hr session.  *Discrimination data are not presented when response rate was <20% of control response rate.  nt = not tested.  See Table 5 for other details.

CPDD 0061
Gamma-butyrolactone (GBL)
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Reinforcing Effects in Rhesus Monkeys
Figure 2 shows results of self-administration studies with CPDD 0061 in three monkeys experienced with self-administration of methohexital.  Each symbol designates the number of injections taken by the individual monkeys.  The symbols over M represent the number of injections of sodium methohexital averaged over two sessions that occurred prior to evaluation of the first, smallest dose of CPDD 0061.  Data for sessions in which saline was delivered contingent on responding are not shown and were typically 10-15 injections per session.

In each of the three monkeys, CPDD 0061 maintained low levels of responding across all tested doses; no reinforcing effect was shown by this drug at these doses.  Monkey N showed generally higher intake than the other two monkeys, and he showed consistent responding across all doses.

Figure 2  Self-administration of CPDD 0061 in monkeys experienced with methohexital
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Discriminative Stimulus Effects in Rhesus Monkeys (pentobarbital discrimination)
When administered 60 minutes before the session, CPDD 0061 engendered no drug-appropriate responding in the pentobarbital-trained monkeys (Table 7) up to a dose (300 mg/kg) that eliminated responding.  When pretreatment time was increased to 120 or 180 minutes for doses of 100 and 300 mg/kg, no drug-appropriate responding was observed, and 100 mg/kg had no effect on response rates (Table 8).  However, 300 mg/kg of CPDD 0061 eliminated  responding when  administered 120 minutes before  the session.  After  sessions in which response rate 

Table 7  Discriminative stimulus effects of i.g. administration of CPDD 0061 in monkeys discriminating pentobarbital: dose response
	Subject
	Pentobarbital
	Saline
	CPDD 0061 (mg/kg)

         10                    30                   100                  300

	Ef3-E
	100 / 2.2
	3 / 2.5
	0 / 3.1
	0 / 3.1
	0 / 2.6
	* / 0.2

	AQ63-G
	100 / 2.2
	0 / 3.0
	0 / 2.9
	0 / 3.1
	0 / 2.9
	* / 0.1

	17015-Ro
	96 / 2.1
	5 / 2.4
	nt
	nt
	0 /2.8
	0 / 2.5

	8814-Ru
	100 / 1.3
	0 / 2.0
	0 / 2.3
	0 / 2.3
	0 / 1.8
	* / 0


CPDD 0061 was administered via nasogastric tube 60 minutes prior to testing.  Doses of CPDD 0061 were tested twice, except in monkey 17015 where 100 mg/kg was tested once.  *No completed trials.  nt=not tested.  See Table 1 for other details.

was decreased, monkeys were sedated and ataxic.  These results demonstrate that CPDD 0061 did not have pentobarbital-like discriminative stimulus effects in rhesus monkeys when administered i.g. in doses up to 300 mg/kg, even under conditions in which response rate was decreased and sedative-like effects were observed.  

Table 8  Discriminative stimulus effects of i.g. administration of CPDD 0061 in monkeys discriminating pentobarbital: time course

	Subject
	CPDD 0061 (100 mg/kg)

Time (min)

         120                     180     
	CPDD 0061 (300 mg/kg)

Time (min)

         120                      180

	Ef3-E
	0 / 2.8
	0 / 2.3
	* / 0
	* / 0

	AQ63-G
	0 / 3.0
	0 / 3.1
	* / 0
	* / 0

	8814-Ru
	0 / 1.8
	0 / 1.8
	* / 0
	36 / 0.7


CPDD 0061 was administered via nasogastric tube at various time points (120-240 min) prior to testing.  Doses of CPDD 0061 were tested once.  *No completed trials.  See Table 1 for other details.

Discriminative Stimulus Effects in Rhesus Monkeys (flumazenil and midazolam discriminations)
In monkeys receiving diazepam daily and discriminating between flumazenil and vehicle, administration of CPDD 0061 (100, 178 and 320 mg/kg) at the beginning of 2-hr sessions did not substitute (i.e. produce (80% DR) for the flumazenil discriminative stimulus (Table 9).  In monkey DA, a dose of 178 mg/kg of CPDD 0061 substituted for flumazenil.  Doses of 100 and 178 mg/kg of CPDD 0061 did not alter response rate.  A dose of 320 mg/kg of CPDD 0061 substantially decreased response rate in one monkey (ROL) and suppressed responding in two other monkeys (DA and JI).

Table 9  Discriminative stimulus effects of CPDD 0061 in diazepam (5.6 mg/kg/day) treated rhesus monkeys discriminating flumazenil: dose response
	Subject
	CPDD 0061 Dose (mg/kg)

         100                      178                      320

	DA
	3 / 1.55
	88 / 1.17
	* / 0

	ROL
	5 / 1.69
	5 / 1.20
	* / 0.06

	JI
	0 / 1.87
	0 / 1.61
	* / 0


CPDD 0061 was administered at the beginning of a 2-hr session; data are the average of four cycles from the second hr.  *Discrimination data are not presented when response rate was <20% of control response rate.  nt=not tested.  See Table 3 for other details.

In monkeys discriminating between midazolam and saline, administration of CPDD 0061 (100, 178, 320 and 560 mg/kg) at the beginning of 2-hr sessions did not substitute (i.e. produce (80% DR) for the midazolam discriminative stimulus in any monkey (Table 10).  A dose of 100 mg/kg of CPDD 0061 did not alter response rate.  A dose of 178 mg/kg of CPDD 0061 suppressed responding in one monkey (RO), 320 mg/kg decreased response rate in another monkey (SA), and 560 mg/kg suppressed responding in the third monkey (LI).

Table 10  Discriminative stimulus effects of CPDD 0061 in rhesus monkeys discriminating midazolam: dose response
	Subject
	CPDD 0061 Dose (mg/kg)

        100                     178                      320                    560

	RO
	1 / 1.98
	* / 0
	nt
	nt

	LI
	0 / 1.45
	0 / 1.34
	0 / 1.35
	* / 0

	SA
	0 / 1.95
	0 / 1.95
	0 / 0.96
	nt


CPDD 0061 was administered at the beginning of a 2-hr session; data are the average of four cycles from the second hr.  *Discrimination data are not presented when response rate was <20% of control response rate.  nt=not tested.  See Table 5 for other details.
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Figure 3  Self-administration of CPDD 0062 in monkeys experienced with methohexital
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Reinforcing Effects in Rhesus Monkeys
Figure 3 shows results of self-administration studies with CPDD 0062 in three monkeys experienced with self-administration of methohexital.  Each symbol designates the number of injections taken by the individual monkeys.  The symbols over M represent the number of injections of sodium methohexital averaged over two sessions that occurred prior to evaluation of the first, smallest dose of CPDD 0061.  Data for sessions in which saline was delivered contingent on responding are not shown and were typically 10-15 injections per session.

In each of the three monkeys, CPDD 0062 maintained low levels of responding across all tested doses; no reinforcing effect was shown by this drug at these doses.

Discriminative Stimulus Effects in Rhesus Monkeys (pentobarbital discrimination)
When administered 60 minutes before the session, CPDD 0062 engendered no drug-appropriate responding in pentobarbital-trained monkeys (Table 11) up to a dose of 30 mg/kg and there was no systematic effect on response rate.  When pre-treatment time  was changed to 30 or 120  minutes for the dose of 30 mg/kg, no  drug   appropriate  
Table 11  Discriminative stimulus effects of i.g. administration of CPDD 0062 in monkeys discriminating pentobarbital: dose response
	Subject
	Pentobarbital
	Saline
	CPDD 0062 Dose (mg/kg)

       1                         3                    10                    30

	Ef3-E
	100 / 2.2
	3 / 2.5
	3 / 2.4
	0 / 2.6
	1.5 / 2.9
	0 / 2.4

	AQ63-G
	100 / 2.2
	0 / 3.0
	nt
	0 / 2.5
	0 / 3.4
	0 / 2.7

	17015-Ro
	96 / 2.1
	5 / 2.4
	nt
	nt 
	0 / 2.8
	0 / 2.8

	8814-Ru
	100 / 1.3
	0 / 2.0
	0 / 2.0
	nt
	0 / 1.9
	0 / 1.9


CPDD 0062 was administered via nasogastric tube 60 minutes prior to testing.  Doses of CPDD 0062 were generally tested once.  nt=not tested.  See Table 1 for other details.

Table 12  Discriminative stimulus effects of i.g. administration of CPDD 0061 in monkeys discriminating pentobarbital: time course

	Subject
	CPDD 0062 (30 mg/kg)
Time (min)

           30                       120             

	Ef3-E
	0 / 2.6
	0 / 2.5

	AQ63-G
	0 / 2.8
	0 / 2.9

	17015-Ro
	0 / 3.0
	0 / 3.0

	8814-Ru
	0 / 1.8
	0 / 1.7


CPDD 0062 (30 mg/kg) was administered via nasogastric tube at various time points (30 or 120 min) prior to testing.  Doses of CPDD 0062 were tested once.  See Table 1 for other details.

responding was seen, and there was no systematic effect on response rate (Table 12).  Thus, CPDD 0062 did not have pentobarbital-like discriminative stimulus effects in rhesus monkeys when administered i.g. in doses up to 30 mg/kg.  

Discriminative Stimulus Effects in Rhesus Monkeys (flumazenil and midazolam discriminations)
In monkeys receiving diazepam daily and discriminating between flumazenil and vehicle, administration of CPDD 0062 (32 and 100 mg/kg) at the beginning of 2-hr sessions did not substitute (i.e. produce (80% DR) for the flumazenil discriminative stimulus in two diazepam treated monkeys (Table 13).  CPDD 0062 (32 and 100 mg/kg) did not alter response rate.

Table 13  Discriminative stimulus effects of CPDD 0062 in diazepam (5.6 mg/kg/day) treated rhesus monkeys discriminating flumazenil: dose response
	Subject
	CPDD 0062 Dose (mg/kg)
          32                        100             

	DA
	2/ 1.75
	0 / 1.21

	ROL
	1 / 1.52
	1 / 1.13


CPDD 0062 was administered at the beginning of a 2-hr session; data are the average of four cycles from the second hr.  See Table 3 for other details.

In monkeys discriminating between midazolam and saline, administration of CPDD 0062 (32 and 100 mg/kg) at the beginning of 2-hr sessions did not substitute (i.e. produce (80% DR) for the midazolam discriminative stimulus in two monkeys; however, a dose of 100 mg/kg of CPDD 0062 occasioned 75% midazolam-lever responding in one monkey (RO; Table 14).  CPDD 0062 (32 and 100 mg/kg) did not alter response rate.

Table 14  Discriminative stimulus effects of CPDD 0062 in rhesus monkeys discriminating midazolam: dose response

	Subject
	CPDD 0062 Dose (mg/kg)
           32                        100             

	RO
	0 / 2.06
	75 / 2.46

	LI
	0 / 1.94
	0 / 1.74


CPDD 0062 was administered at the beginning of a 2-hr session; data are the average of four cycles from the second hr.  See Table 5 for other details.

CONCLUSIONS

CPDD 0060
In self-administration studies, CPDD 0060 (1,4-butanediol; 1,4-BDL) failed to maintain responding at rates above those maintained by saline in three of four monkeys.  Solubility limits precluded self-administration studies on doses of CPDD 0060 larger than 3.2 mg/kg/injection. CPDD 0060 also failed to substitute for a flumazenil discriminative stimulus in diazepam-treated monkeys or for a pentobarbital or midazolam discriminative stimulus in untreated monkeys, up to doses that decreased response rates.  While it is possible that other doses of CPDD 0060 might have reinforcing effects or discriminative stimulus effects under other conditions, in the current studies CPDD 0060 was not a positive reinforcer in most monkeys and did not exert pentobarbital-like, midazolam-like or benzodiazepine antagonist-like discriminative stimulus effects in rhesus monkeys. 

CPDD 0061
In self-administration studies, CPDD 0061 (gamma-butyrolactone; GBL) failed to maintain responding at rates above those maintained by saline in two of three monkeys.  Solubility limits precluded self-administration studies on doses of CPDD 0061 larger than 3.2 mg/kg/injection.  CPDD 0061 did not substitute for a pentobarbital or midazolam discriminative stimulus in untreated monkeys, up to doses that decreased response rates.  While it is possible that other doses of CPDD 0061 might have reinforcing effects or discriminative stimulus effects under other conditions, in the current studies CPDD 0061 was not a positive reinforcer and did not exert pentobarbital-like or midazolam-like discriminative stimulus effects in rhesus monkeys.  CPDD 0061 substituted for a flumazenil discriminative stimulus in one of three diazepam-treated monkeys suggesting that this compound might have benzodiazepine antagonist-like discriminative stimulus effects.
CPDD 0062
In self-administration studies, CPDD 0062 (melatonin) failed to maintain responding at rates above those maintained by saline.  Solubility limits precluded self-administration studies on doses of CPDD 0062 larger than 3.2 mg/kg/injection.  CPDD 0062 did not substitute for a flumazenil discriminative stimulus in diazepam treated monkeys or for a pentobarbital or midazolam discriminative stimulus in untreated monkeys.  While it is possible that other doses of CPDD 0062 might have reinforcing effects or discriminative stimulus effects under other conditions, in the current studies CPDD 0062 was not a positive reinforcer and did not exert pentobarbital-like, midazolam-like or benzodiazepine antagonist-like discriminative stimulus effects in rhesus monkeys.
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