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Abstract. Rhesus monkeys were trained to emit 20 or 30 
consecutive responses on one lever following an IM injection 
of pentobarbital (10 or 18mg/kg) and the same number of 
consecutive responses on another lever following an injection 
of saline. The required number of correct consecutive re- 
sponses in both cases resulted in food delivery. When 
responding was reliably under the control of the presession 
injection, the ability of a variety of other compounds to 
produce pentobarbital-appropriate responding was exam- 
ined. Diazepam, clobazam, methohexital, pentobarbital, and 
phenobarbital, given 10 or 20min before the session, pro- 
duced dose-related pentobarbital-appropriate responding in 
each monkey. Ethylketazocine and dextromethorphan pro- 
duced responding primarily on the saline-appropriate lever, 
whereas codeine, cyclazocine, dextrorphan, and ketamine 
resulted in responding that was, on the average, intermediate 
between that appropriate for pentobarbital and that appro- 
priate for saline. When tested at various times after their 
injection, methohexital (3.2mg/kg) and pentobarbital 
(10mg/kg) produced pentobarbital-appropriate responding 
within 10 rain. Barbital (56 mg/kg) resulted in pentobarbital- 
appropriate responding only if at least 1 h intervened between 
the injection and the experimental session. The discriminative 
effects of methohexital, pentobarbital, and barbital lasted 
approximately 20-60 ,  120-240, and 480-720rain,  re- 
spectively. The time-course of the discriminative stimulus 
effects of barbiturates in the rhesus monkey appears to 
parallel closely other pharmacological actions of these 
compounds. 
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When a designated behavior is reinforced in the presence of a 
specified environmental event, and the rate of occurrence of 
the behavior increases in the presence of this event, the event is 
called a discriminative stimulus. Many centrally acting drugs 
have been shown to be very effective discriminative stimuli 
(Barry 1974); animals can be trained to emit one response 
following a drug injection, and another response if no drug 
has been administered. In a well-trained subject, generaliza- 
tion tests can be conducted by administering various other 
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drugs and determining the extent to which responding occurs 
on the drug or nondrug-associated lever. 

Although the discriminative stimulus properties of pen- 
tobarbital have been studied extensively in rodents (e.g., 
Overton 1966; Barry 1974; Krimmer 1974; Johansson and 
Jarbe 1975; Jarbe 1976) and to some extent in pigeons (e.g., 
Leberer and Fowler 1977; Jarbe and Ohlin 1979; Witkin et al. 
1980; Herling et al. 1980), there have been few studies of the 
discriminative stimulus effects of pentobarbital in primates. 
Trost and Ferraro (1974) trained rhesus monkeys to make 
lever position choices based on whether they had received 2 or 
10 mg/kg pentobarbital before the session. The monkeys were 
able to discriminate between these two doses, and on 
generalization testing, showed relatively equal choices of the 
two response levers at an average dose of 4 mg/kg. 

Tests of generalization of other drugs to a pentobarbital- 
trained discriminative stimulus, however, have not been 
reported in the monkey. In other species, including the rat, 
gerbil, and pigeon, there is considerable agreement as to the 
drugs that generalize to pentobarbital. Appropriate doses of 
the barbiturates, amobarbital, barbital, phenobarbital, and 
methohexital, as well as the anti-anxiety agents, diazepam, 
chlordiazepoxide, clobazam, and meprobamate, have been 
shown to produce pentobarbital-like discriminative effects in 
several species. In contrast, drugs from other pharmacologi- 
cal classes (e.g., narcotics, psychomotor stimulants) generally 
do not produce pentobarbital-appropriate responding (e.g., 
Barry 1974; Herling et al. 1980). 

In addition to providing information on drug classifi- 
cation, drug discrimination techniques can also be used to 
indicate the onset and duration of drug-induced interoceptive 
effects. Barry and Krimmer (1978a), for example, demon- 
strated that the discriminative effects of 10 mg/kg IP pento- 
barbital were present 2.5rain after the injection, and still 
present, but to a lesser degree, 60 min following the injection. 
By 120min, the pentobarbital discriminative effects had 
subsided. 

The present study investigated the discriminative stimulus 
effects ofpentobarbital in the rhesus monkey by assessing the 
extent to which several drugs from various pharmacological 
classes produced discriminative effects similar to those of 
pentobarbital. Among the drugs selected for study were a 
number of barbiturates and benzodiazepines that have been 
shown to generalize to pentobarbital in other species. 
Ketamine and dextrophan, drugs which have been shown in 
pigeons to produce intermediate levels of pentobarbital- 
appropriate responding (Herling et al. 1980), were among 
several non-barbiturates that were studied. Evaluation was 
also made of the onset and duration of the discriminative 
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effects of barbiturates with different durations of pharma- 
cological activity. 

Materials and Methods 

Subjects. The subjects were three adult male rhesus monkeys 
(Macaca mulatta) maintained at approximately 90 % of their 
free feeding weights (9.0-10.0kg). The monkeys were fed 
sufficient Purina High Protein Monkey Chow after each 
session to maintain their reduced body weight. Water 
(1000m l, twice daily) was available in their home cages and 
each monkey was given 40 mg isoniazid daily on a sugar cube. 
Fresh fruit was provided several times per week. Each 
monkey had an extensive laboratory history including ex- 
perience lever pressing under fixed-ratio schedules of food 
and intravenous cocaine or ethanol delivery. Two of the 
monkeys had also received chronic injections of ethylketa- 
zocine for several months. None of the monkeys, however, 
had received drug injections or participated in an experiment 
for at least 6 months prior to the start of this experiment. 

Apparatus. Prior to each experimental session, the monkeys 
were seated in primate restraining chairs and placed in sound- 
attenuating wooden test chambers. Each chamber was 
equipped with two response levers (BRS/LVE, Beltsville, 
MD, model PRL-001/121-07) mounted equidistant from a 
central food receptacle. A force of approximately 40 g was 
required to operate the levers. The excursion distance for the 
levers was approximately 2ram. The levers and food re- 
ceptacle were located approximately 50 cm above the floor of 
the chamber, within reach of the monkey seated in the chair. 
An exhaust fan was used for ventilation, and a speaker 
mounted inside the chamber provided white noise to mask 
extraneous sounds. 

The start of each session was signaled by the illumination 
of two 7-W blue lights mounted at the top of the front wall of 
the chamber. Banana-flavored food pellets (300mg; P.J. 
Noyes Co., Lancaster; NH. Formula G) were delivered to the 
food receptacle by a pellet dispenser (Ralph Gerbrands Co., 
Arlington, MA; model A) that was mounted outside the 
chamber. A Texas Instruments Inc. 960A computer was used 
to control experimental sessions, and to collect and analyze 
data. In addition, cumulative response recorders (Ralph 
Gerbrands Co. ; model C-3) recorded the performance of each 
monkey. 

Discrimination Training. Initially, a single press, or response 
(fixed-ratio 1; FR1), on one of the two available levers 
produced a food pellet. The lever on which responses resulted 
in food delivery alternated from one day to the next. On days 
when the right lever was designated correct, an IM injection of 
10 mg/kg pentobarbital was given 10 min prior to the session. 
On days when responses on the left lever produced food, an 
IM injection of saline preceded the session. The ratio 
requirement was gradually increased over sessions until 20 
consecutive responses (FR 20) on the appropriate lever were 
required for food delivery. Responses on the inappropriate 
lever reset the FR response requirement on the lever des- 
ignated as correct for that session. Training continued at a 
FR20 value, with alternate-day injections of saline or 
10 mg/kg pentobarbital, until the discrimination criteria were 
met (see below), or until it appeared that the training 
conditions were not optimal for a particular monkey. One 

monkey (700) reached the training criteria and was main- 
tained at a FR 20 and a training dose of 10 mg/kg pentobar- 
bital injected 10min before the session. In the other two 
monkeys (760 and 28), the FR requirement was increased to 
30, and the pretreatment interval was increased to 20 min. In 
one of these monkeys (28), the dose of pentobarbital was 
increased to 18 mg/kg. 

Sessions were conducted 6 days per week and ended after 
75 food pellet deliveries or after 1 h, whichever occurred first. 
Training sessions continued until the following criteria were 
met: 1) no more responses than two times the fixed-ratio 
value (i.e., 40 or 60 responses, depending on the monkey) 
occurred before the first food delivery of the session, and 2) a 
minimum of 90 % of the responses during the entire session 
occurred on the correct lever. Before testing was initiated, 
these criteria were met for five consecutive sessions in which 
saline and pentobarbital injections alternated and then for 
four consecutive sessions in which pentobarbital and saline 
were administered in a double alternation sequence. 

Discrimination Testing. On test days, the procedure was 
altered so that, throughout the entire test session, 20 or 30 
consecutive responses on either one of the two levers resulted 
in food delivery; otherwise, test sessions were identical to 
training sessions. Tests were first conducted with various 
doses of pentobarbital and its vehicle. Several drugs from 
various pharmacological classes were also evaluated. Test 
sessions typically alternated with training sessions during the 
week. If  an animal failed to meet the training criteria, training 
continued until these criteria were met for at least two 
consecutive sessions. 

Onset and Duration of the Discriminative Stimulus Effects of 
Various Barbiturates. Determination of the onset and du- 
ration of the discriminative effects of a number of barbi- 
turates, using the testing procedure described above, was 
accomplished by administering the drug at varying times 
before the session. The drugs, doses and pretreatment times 
evaluated were methohexital, 3.2 mg/kg, at 1, 10, 20, 60, and 
120min; pentobarbital, 10mg/kg, at 1, 10, 20, 60, 120, and 
240 min; and barbital, 56 mg/kg, at 20, 60, 120, 240, 480, 720, 
960, and 1440 min. These drugs were selected because they are 
pharmacologically similar, differing primarily in their du- 
rations of action (Sharpless 1970). The doses of methohexital 
and pentobarbital selected were the lowest doses that pro- 
duced 100% pentobarbital-appropriate responding when 
given 10 or 20 rain before the session. The dose of barbital was 
selected on the basis of its potency relative to pentobarbital 
and methohexital as determined in other behavioral tests 
(Winger et al. 1975). When evaluating pretreatment times of 
more than 1 h, the monkeys were injected with the drug and 
returned to their home cages. Approximately 20 rain before 
the pretreatment interval elapsed, the monkeys were re- 
chaired, injected with saline, and placed in the experimental 
chamber. The session began 20 min later. For pretreatments 
of less than I h, the monkeys were placed in the chamber 
immediately following the injection, and the session started at 
the designated time. 

Drugs. Sodium pentobarbital, sodium phenobarbital, sodium 
barbital, sodium methohexital, ketamine hydrochloride, and 
codeine phosphate were obtained commercially. Dextrophan 
tartrate, dextromethorphan hydrobromide, and diazepam 
were gifts from Hoffmann-La Roche, Inc., Nutley, NJ. 
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Fig. 1, Dose-response curves for the discriminative stimulus effects of 
pentobarbital, four drugs that produced effects similar to those of 
pentobarbital, and one drug that did not produce these effects when 
tested 10 or 20 min after IM injection. Ordinates are the average number 
of responses made on the pentobarbital-appropriate lever, expressed as a 
percent of the total session responses. The abscissae are the doses of the 
drugs in mg/kg. Each point represents the mean of one observation in 
each of three monkeys 

Clobazam was provided by Hoechst-Roussel Pharma- 
ceuticals, Inc., Somerville, NJ. Ethylketazocine methane 
sulfonate and cyclazocine base were provided by Dr. W. 
Michne, Sterling-Winthrop Research Institute, Rensselaer, 
NY. 

The vehicle for pentobarbital was a solution containing 
ethanol, propylene glycol, and sterile water, in a ratio of 
1 : 2 : 7. Diazepam and clobazam were dissolved in a solution 
containing 40 % propylene glycol, 10 % ethanol, 5 % sodium 
benzoate and benzoic acid, 1.5 % benzyl alcohol, and 43.5 % 
sterile water. Cyclazocine and ethylketazocine were dissolved 
in sterile water to which a small amount of  lactic acid was 
added; sodium hydroxide was used to adjust the pH of the 
solution to above 4. Dextromethorphan, dextrorphan, co- 
deine, and ketamine were dissolved in 0.9% sterile saline; 
methohexital, phenobarbital, and barbital were dissolved in 
sterile water. Injections of  all drugs were made into the muscle 
of the thigh, usually in a volume of 0.1 ml/kg. Drug doses refer 
to the forms described above. 

Data Analysis. The data for test sessions are presented as the 
average number of responses that were made on the 
pentobarbital-appropriate lever throughout the session, ex- 
pressed as a percentage of  the total number of responses. A 
test drug was considered to produce discriminative effects 
similar to the training dose of  pentobarbital if at least 90 % of 
the total session responses were emitted on the pentobarbital- 
appropriate lever. 

Results 

Drugs that Produced Discriminative Effects Similar to those of  
Pentobarbital. All three monkeys acquired the pentobarbital- 
saline discrimination. The number of sessions required to 
reach criterion performance was 36, 54, and 84 for monkeys 
700, 760, and 28, respectively. When the pentobarbital vehicle 
was administered before a test session, each monkey re- 
sponded exclusively on the saline-appropriate lever. Drugs 
that at some dose produced at least 90% pentobarbital- 
appropriate responding in each monkey are shown in Fig. 1. 

Table 1. Percentage of total responses on pentobarbital-appropriate lever 
produced by non-barbiturates in individual monkeys 

Drug Maximum pentobarbital 
(dose range tested, mg/kg) response. 

Monkey no. 

760 700 28 

Cyclazocine (0.001-0.1) 100 (0.01)" 0 ( - )  1 (0.01) 
Dextrorphan (1.0- 5.6) 33 (1.0) 90 (3.2) 2 (5.6) 
Ketamine (0.3 - 3.2) 100 (1.0) 65 (3.2) 1 (1.8) 
Codeine (0.3-5.6) 17 (3.2) 41 (1.8) 75 (5.6) 
Dextromethorphan (0.3 - 3.2) 0 ( - )  0 ( - )  6 (1.8) 
Ethylketazocine (0.001-0.03) 4(0.01) 13(0.01) 0 ( - )  

a Given in parentheses is the dose of drug producing the maximum 
pentobarbital response 

The lowest doses of  these drugs produced predominantly 
saline-appropriate responding. As the dose was increased, the 
percentage of  pentobarbital-appropriate responding pro- 
duced by each drug, except barbital, increased. The lowest 
doses needed to produce 90% or more pentobarbital- 
appropriate responding were 3.2 mg/kg methohexital, 
10 mg/kg pentobarbital, 32 mg/kg phenobarbital, 3.2 mg/kg 
diazepam, and 5.6 mg/kg clobazam. These doses of  these 
drugs had little or no effect on the rate of  responding. Barbital 
(32 or 56mg/kg), administered 10 or 20min before the 
session, produced only saline-appropriate responding. 

Drugs that Failed to Produce Discriminative Effects Similar to 
those of  PentobarbitaI. Data for drugs that did not produce 
90% or more pentobarbital-appropriate responding in all 
monkeys are shown in Table 1. Each drug was evaluated in a 
range of  doses, the largest of which produced marked 
decreases in the rate of responding. Ethylketazocine and 
dextromethorphan resulted in 13 % or less pentobarbital- 
appropriate responding in each monkey. Codeine, however, 
produced responding that was, in each monkey, intermediate 
between that appropriate for saline and that appropriate for 
pentobarbital. Dextrorphan, ketamine, and cyclazocine each 
produced over 90% responding on the pentobarbital- 
appropriate lever in one of  the three monkeys and con- 
siderably less pentobarbital-appropriate responding in the 
other two. Monkey 28 responded primarily on the saline- 
appropriate lever following the administration of each of 
these drugs; monkey 700 made 90% pentobarbital- 
appropriate responses following the administration of an 
appropriate dose of  dextrorphan; and monkey 760 made 
100 % pentobarbital-lever responses following the adminis- 
tration of appropriate doses of cyclazocine and ketamine. 

The data shown in Table 1 show the maximum percent of 
responding on the pentobarbital-appropriate lever produced 
by the various drugs. Only slightly less responding on the 
pentobarbital-appropriate lever occurred at either higher or 
lower doses of  dextrorphan, ketamine, or cyclazocine. In the 
case of codeine, however, the dose producing the maximum 
percent of pentobarbital-appropriate responding was the 
highest dose evaluated in each monkey, and these doses 
produced considerable suppression of rates of responding. 
Doses lower than these doses of  codeine produced little or no 
drug-appropriate responding in any of  the monkeys. 
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Fig. 2. Onset and duration of the discriminative stimulus effects of 
methohexital, pentobarbital, and barbital. Ordinates are the average 
number of responses made on the pentobarbital-appropriate lever, 
expressed as percent of the total session responses. The abscissae are the 
hours following the injection of the indicated dose of each drug. Each 
point represents the mean of one observation in each of three monkeys 
except for the points at 1 min and 20rain for methohexital and 
pentobarbital. These are means of one observation in each of two 
monkeys 

Onset and Duration of the Discriminative Stimulus Effects of 
Barbiturates. The mean onset and duration of the discrimi- 
native stimulus effects of three barbiturates are shown in 
Fig. 2. One minute after their injection, 3.2mg/kg metho- 
hexital and 10mg/kg pentobarbital produced some 
pentobarbital-appropriate responding in monkey 760 and 
only saline-appropriate responding in monkey 28. Monkey 
700 was not tested at this time interval. Ten minutes after their 
injection, these doses of methohexital and pentobarbital 
produced primarily pentobarbital-appropriate responding in 
all three monkeys. Barbital (56mg/kg) did not produce 
pentobarbital-appropriate responding until 60 rain after its 
injection in two monkeys and 120 min after its injection in the 
third. 

The duration of the discriminative stimulus effects of the 
three drugs differed markedly (Fig. 2). Methohexital 
(3.2mg/kg) no longer produced pentobarbital-appropriate 
responding in any of the monkeys 2 h after its injection. 
Pentobarbital (10 mg/kg) produced over 99 % pentobarbital- 
appropriate responding at 60 and 120 rain after the injection, 
but only 9 % or less at 240 min. The discriminative effects of 
56 mg/kg barbital decreased more gradually and the duration 
of the effect was more prolonged. In each monkey, 100 % 
pentobarbital-appropriate responding occurred 240 min after 
the injection of 56 mg/kg barbital, and in one monkey (760) 
declined slowly to 0 % at 1440 min. In the other two monkeys, 
the loss of stimulus control by barbital was more abrupt, 
falling from 100 to 0 % pentobarbital-appropriate responding 
between either 720 and 960rain (monkey 700) or 480 and 
720 min (monkey 28) after the injection. 

Discussion 

Each of the rhesus monkeys trained to discriminate pentobar- 
bital from saline in the present experiment emitted 
pentobarbital-appropriate responses following injections of 
pentobarbital, methohexital, phenobarbital, diazepam, clo- 
bazam, and, if administered 1 - 2 h  before the session, 

barbital. These data showing generalization of various barbi- 
turates to pentobarbital in rhesus monkeys are similar to 
those obtained previously in rodents and pigeons (Overton 
1966; Barry 1974; Jarbe 1976; Herling et al. 1980). In 
addition, the similarity between the discriminative effects of 
barbiturates and benzodiazepines seen in the present study 
has also been observed in other species (Barry 1974; Colpaert 
et al. 1976; Herling et al. 1980). Although a discrimination 
between pentobarbital and the benzodiazepine chlordiazepox- 
ide can be established (e.g., Krimmer and Barry 1979), and 
differences between the discriminative effects of these drugs 
can be demonstrated (e.g., Overton 1966; Barry and Krimmer 
1977), there appears to be sufficient similarity between the 
discriminative stimulus effects of barbiturates and benzo- 
diazepines that animals trained to discriminate a barbiturate 
from saline make drug-appropriate responses following the 
administration of benzodiazepines, and vice versa (Colpaert 
et al. 1976; Jarbe 1976; Herling et al. 1980). The relative 
potencies of these compounds in producing barbiturate- or 
benzodiazepine-like discriminative effects is remarkably con- 
sistent across species (cf. Fig. 1 ; Colpaert et al. 1976; Herling 
et al. 1980). 

The onset and duration of discriminative stimulus effects 
varied among the different barbiturates tested. Methohexital, 
administered IM, had a rapid onset and relatively short 
duration of action as a discriminative stimulus. In the 
monkey, methohexital, given IV in doses of 4 - 6 m g / k g ,  
produces anesthesia for about 5 min (Winger unpublished 
observations). Under these conditions, its action is termi- 
nated primarily by rapid redistribution from the brain to 
other tissues, followed by relatively rapid metabolic deg- 
radation (Breimer 1976). Redistribution as a mechanism of 
termination should be less important following IM adminis- 
tration, since using this route the drug does not travel as a 
bolus to the brain and its duration of action would be 
determined primarily by its rate of metabolic breakdown. 

Pentobarbital administered IM, like methohexital, had a 
rapid onset, whereas its duration as a discriminative stimulus 
was between 2 and 4 h, approximately twice that of metho- 
hexital. Pentobarbital's action is terminated primarily by 
metabolism following both IV and IM administration. The 
duration of discriminative effect following IM injection of 
pentobarbital and methohexital in the present ~tudy, there- 
fore, may be indicative of the relative metabolic rates of these 
two compounds, being less confounded with termination 
through redistribution. 

Barbital, a drug that is poorly lipid soluble, required at 
least I h before its discriminative effects were apparent. 
Barbital is not metabolized to any great extent, but is excreted 
unchanged, resulting in a relatively long duration of action as 
a discriminative stimulus, approximately four times that of 
pentobarbital. Generally, the present data on the onset and 
duration of the discriminative effects of these barbiturates 
closely parallel other pharmacological properties of these 
drugs (e.g., hypnosis, sedation, anesthesia). 

The two narcotics, ethylketazocine and codeine, gener- 
ated predominately saline-appropriate responding, although 
responses on both levers were produced by the highest dose of 
codeine that was tested in each monkey. These results are 
generally consistent with results obtained in rhesus monkeys 
trained to discriminate either ethylketazocine (Hein et al. 
1981) or codeine (unpublished observations) from saline, in 
that barbiturates (methohexital, pentobarbital) produce little 
or no drug-appropriate responding in these monkeys. 
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In contrast to the effects that were observed for most of 
the drugs in the present study, the effects of ketamine, 
dextrorphan, and cyclazocine were more variable. For ex- 
ample, ketamine produced exclusively saline-lever responses 
in one monkey, dose-related pentobarbital-appropriate re- 
sponding in a second monkey, and responses on both levers in 
a third. A similar result has been described in rats and pigeons 
(Overton 1975; Herling et al. 1980). That ketamine, dex- 
trorphan, and cyclazocine may have similar effects account- 
ing for the type of variability observed in the present 
experiment is supported by recent observations that these 
three compounds have similar discriminative effects in both 
pigeons (Herling et al. 1981) and rats (Holtzman 1980), 
indicating similar pharmacological activity. In man, large 
doses of cyclazocine are frequently identified as barbiturates 
and produce effects including sedation and disorientation 
that are often associated with barbiturate administration 
(Jasinski 1977). Given these similarities in the effects of 
cyclazocine, dextrorphan, and ketamine, perhaps each of 
these compounds shares a component of action that is also 
shared by barbiturates. 

The variability observed in the generalization of various 
drugs to pentobarbital suggests that the discriminative effects 
of pentobarbital may not be based on a single action of the 
drug, but rather on a complex of several properties (cf. Barry 
and Krimmer 1977, 1978b). In the present study, individual 
animals differed with respect to which particular drugs 
produced responding similar to that occasioned by the 
training drug. It is possible that this individual variation 
occurred because responding in different monkeys was con- 
trolled by different aspects of the stimulus complex produced 
by the training or test drugs. A test drug such as diazepam 
may mimic most of the effects of pentobarbital and accord- 
ingly would control responding in a manner  similar to 
pentobarbital in virtually all subjects. A drug such as 
ketamine may mimic only some of the effects of pentobar- 
bital, or may have additional actions, and thus would produce 
pentobarbital-appropriate responding only in subjects for 
which the common discriminative effects of pentobarbital 
and ketamine predominate. The finding that dextromethor- 
phan, in contrast to its structural analogue dextrorphan, 
produced little or no pentobarbital-appropriate responding 
in the present experiment is of interest, since the similarity of 
discriminative effects noted above for ketamine, dextrorphan, 
and cyclazocine in rats does not extend to dextromethorphan 
(Holtzman 1980). Moreover, dextromethorphan, in contrast 
to either dextrorphan or ketamine, produces little or no drug- 
appropriate responding in pigeons that are trained to discrim- 
inate pentobarbital from saline (Herling et al. 1980). Thus, 
dextromethorphan appears to lack a pentobarbital-like com- 
ponent  of action that may be shared by dextrorphan, 
cyclazocine, and ketamine. 
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