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ABSTRACT 

Orally delivered pentobarbital was established as a reinforcer for 

5 rhesus monkeys. The monkeys were food deprived throughout the 

study. LiQUid deliveries (0. 5 ml) were contingent upon 1 ip-contact 

responses on a drinking spout, and food pellet deliveries were con

tingent upon lever-press responses. Three-hr daily sessions were pre

ceded and followed by 1-hr blackouts. In the initial phase water was 

del i vered fo 11 owing each 1 i p-contact response both within the 3-hr 

sessions and between sessions. During the second hr of the daily 3-hr 

session, each lever press produced one food pellet until a limit (65 

to 100 pellets) was reached. This procedure resulted in elevated 

levels of water drinking that varied among monkeys from 334 to 983 ml 

per session. Subsequently during sessions an increasing series of 

pentobarbital concentrations (from 0.0078 up to 1 mg/ml) was provided 

via the drinking spout while water was continuously available between 

sessions. Pentobarbital intake ranged from 12 to 45 mg/kg/3-hr 

session, and intoxication was noted when intake exceeded 20 mg/kg. In 

the next phase, the monkeys had 1 imi ted access to food after each 

session, continuous access to water between sessions, and access to 

either pentobarbital or water during the 3-hr sessions. Both the con

centration of pentobarbital and the number of 1 ip-contact responses 

required per drug delivery were gradually increased until the pen

tobarbital concentration was 4.0 mg/ml and the response requirement 

was 16 (M-H and M-P1), 32 (M-BL), 45 (M-P), or 64 (M-W). During the 

phase when 4.0 mg/ml pentobarbital was replaced by water, liquid 

deliveries decreased to low levels. Liquid deliveries increased to 

previous levels when 4.0 mg/ml pentobarbital was reintroduced. When 



the pentobarbital concentration was decreased (4.0 mg/ml, 2.0, 1.0, 

• ) , pentobarbital intake decreased (mg/kg/3-hr session) and the 

number of liquid deliveries first increased and then decreased. 
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Pentobarbital serves as a reinforcer for rhesus monkeys when it is 

available via the intragastric (Altshuler et !.!_., 1975) and intrave

nous routes of administration (Deneau et !l·' 1969; Yanagita & 

Takahashi, 1970, 1973; Woods & Schuster, 1970; Goldberg et !l·' 1971; 

Schlichting et !.!_., 1970; Winger et !.!_., 1975). In these studies phy

siological dependence developed under conditions of continuous access 

(24 hr/day) to pentobarbital (Deneau et !.!_., 1969; Yanagita & 

Takahashi, 1970, 1973; Altshuler et !.!_., 1975), but not under con

ditions of limited access (3 hr/day) (Woods & Schuster, 1970; Goldberg 

et !.!_., 1971; Winger et !.!_., 1975). In humans pentobarbital is abused 

(Essig, 1968; Jaffe, 1975), and the drug functions as a reinforcer 

when taken orally (Bigelow et !.!_., 1976; Griffiths et !.!_., 1976, 1979; 

Pickens et !.!_., 1977). 

One purpose of the present study was to determine if orally deli

vered pentobarbital could be established as a reinforcer for rhesus 

monkeys. Pentobarbital was selected because it is a frequently 

studied sedative-hypnotic drug and because it shares some important 

pharmacological properties with ethanol (Wallgren & Barry, 1970). 

However, unlike ethanol, pentobarbital has no caloric value. 

The general procedure employed in the present study has been used 

in other studies to establish orally delivered ethanol, etonitazene, 

and phencyclidine as reinforcers for rhesus monkeys (Meisch & 

Henningfield, 1977; Carroll & Meisch, 1978, 1980). With this proce

dure food deprived monkeys are given 1 imi ted amounts of food during 

daily 3-hr sessions. After eating the food, the monkeys drink large 

volumes of water (Meisch & Henningfield, 1977). Subsequently, 

increasing drug concentrations are substituted for water during the 
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sessions, while water was available between sessions. In the next 

phase, food availability is shifted from within the sessions to be

tween the sessions, and drug drinking persists at rates that exceeded 

water drinking (Meisch & Henningfield, 1977; Carroll & Meisch, 1978, 

1980). In the present study this general procedure was used to induce 

pentobarbital drinking. 

Some variables controlling pentobarbital-reinforced drinking were 

subsequently examined. A large range of pentobarbital concentrations 

(0.0625 to 4.0 mg/ml) was studied. Also, pentobarbital-reinforced 

performance was studied at several fixed-ratio values and drug 

concentrations. 

METHODS 

Animals 

Five adult male rhesus monkeys (Macaca mulatta) weighing from 7.2 

to 11.8 kg at the beginning of the experiment were housed in indivi

dual experimental chambers in a room with lights turned on at 5:00 

a.m. and off at 9:00 p.m. 
0 

The temperature was maintained at 26.5 C. 

Four of the monkeys had histories of behavior reinforced by the oral 

delivery of ethanol (M-BL, M-W, M-P, and M-P1). Monkey M-H was 

experimentally naive at the start of the experiments; he died before 

the 1 ast experiment was completed. None had been used in studies of 

intravenous or i ntragastri c drug admi ni strati on. The monkeys were 

reduced to and maintained at 70 to 85 percent of their free-feeding 

weights by adjusting the number of one-g Noyes banana f1 avo red pellets 

(formula L) that each monkey was allotted per day. The monkeys were 

also fed one fresh fruit and one multiple vitamin pill (Upjohn) each 

day. 
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Apparatus 

Stainless steel primate cages (Labco #ME 1305 or Hoeltge #HB-108) 

with three solid walls and one barred wall served as the experimental 

chambers. A response lever for food, a drinking spout, and correspon

ding stimulus lights were mounted on one solid wall. A red stimulus 

light, 14 em above the food lever, was illuminated when food was 

available. One-g Noyes banana flavored pellets were delivered to a 

small tray recessed in the wall beneath the food lever. The drinking 

spout was electrically nonconductive, 1 em in diameter, and protruded 

2.7 em into the cage. A small brass contact plate (0.5 em in dia

meter) was recessed 1 em from the tip of the spout and was wired to a 

lip-sensitive drinkometer. A lip contact activated a solenoid for a 

maximum duration of 0.25 sec, thereby delivering approximately 0.5 ml 

of 1 i quid through the spout. A break in 1 i p contact during 1 i quid 

delivery immediately terminated solenoid operation; this arrangement 

prevented spillage. lip contact with the brass plate on the spout 

resulted in illumination of one of two pairs of stimulus lights. The 

lights were mounted at the 2, 4, 8, and 10 o•clock positions on a 3.2 

em radius measured from the center of the drinking spout. Each light 

within a pair was 180 degrees from the other light. The white pair of 

1 ights was illuminated for the duration of each 1 ip contact response 

when water was present; whereas, the green pair of lights was illumi

nated for the duration of a response when pentobarbital was present. 

In addition to the two pair of feedback lights a larger yellow light 

was 9 em above the drinking spout. This yellow light was illuminated 

when water was available during session and intersession, and it 

blinked at a rate of 10 Hz when pentobarbital was available. Liquids 



-4-

were contained in covered stainless-steel reservoirs. There was no 

measurable evaporation. Details concerning the apparatus and drinking 

device have been presented elsewhere (Henningfield & Meisch, 1976; 

Meisch & Henningfield, 1977). Solid state equipment for scheduling 

and recording events was located in an adjacent room. 

Procedure 

Food-induced drinking of water. Daily sessions were 3 hr in 

length and they were preceded and followed by a 1-hr stimulus blackout 

so that data could be recorded and 1 i qui ds changed. Water was con

tinuously available via the drinking spout during the remaining 19-hr. 

Water deliveries occurred under a fixed-ratio 1 schedule (FR 1); 

that is, each lip-contact response produced one delivery of approxi

mately 0.5 ml of water. Initially, water intake during the sessions 

was measured in the absence of within session food availability; the 

daily food ration was given during the 19-hr intersession period. 

Subsequently, access to food was shifted to the beginning of the 

second hr of the 3-hr sessions. In the presence of the red light each 

lever press produced one food pellet until a fixed number (65 to 100) 

of pellets was delivered. After the pellet limit was reached, the red 

light was turned off. 

During the 3-hr sessions each lip-contact response resulted in a 

water delivery until 500 ml (monkeys M-H and M-P) or 1000 ml (monkeys 

M-W, M-Pl, and M-BL) had been consumed. Once the liquid reservoir was 

emptied, lip contacts continued to operate the drinking device and 

activate the feedback lights. With the initial monkeys tested (M-H 

and M-P) liquid volumes were limited to 500 ml to avoid the physiolo

gical complications that might result from rapid drinking of a large 
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volume of water. With monkeys tested later (M-W, M-P1, and M-BL) this 

limit was increased to 1000 ml. After water drinking was stable for 

five consecutive sessions, the water was replaced by a low concentra

tion of pentobarbital (either 0.0078 or 0.0156 mg/ml). In all experi

ments behavior was judged stable when visual inspection of the data 

revealed no systematic trends in either the rate or pattern of 

responding over five consecutive sessions. 

The pentobarbital concentration was increased in logarithmic 

(monkeys M-W, M-BL, and M-Pl} or half logarithmic (monkeys M-H and 

M-P) increments. All concentrations were presented until five 

sessions of stable behavior were obtained. This general procedure is 

similar to that used to produce food-induced drinking of ethanol 

(Meisch & Henningfield, 1977). 

Performance after termination of access to food within sessions. 

At pentobarbital concentrations ranging from 0.25 to 1.0 mg/ml, access 

to food within sessions was permanently terminated, and food was hand 

fed to the monkeys after the sessions. Since responding by monkeys 

M-BL and M-P immediately decreased to low rates and responding by 

monkey M-W later decreased, another acquisition procedure was 

employed. 

Pentobarbital-ethanol combinations. The three monkeys (M-BL, M-P, 

and M-W) had histories of responding reinforced by the oral delivery 

of ethanol. Therefore, low concentrations of ethanol (0.5, 1 or 2% 

w/v) were used to engender responding. The concentrations were com

bined with pentobarbital concentrations. Table 1 shows that the spe

cific sequence of manipulations differed for each monkey. However, 

once behavior was well maintained at a particular combination, the 
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ethanol concentration was halved and then eliminated; thus, only pen

toba rb ita 1 rem a i ned • 

Increases in fixed-ratio size and drug concentration. Both the 

pentobarbital concentration and the size of the fixed-ratio schedule 

were gradually increased. The concentrations tested were 0.5, 0.707, 

1.0, 1.41, 2.0, 2.82, and 4.0 mg/ml. The fixed-ratio value was 

increased after several increments in the drug concentration. Fixed

ratio values tested were FR 2, 4, 6, 8, 16, 32, 45 and 64. Not all 

monkeys were tested at the higher values. The fixed-ratio value was 

increased to generate high rates of responding and to limit the rate 

of drug intake thereby preventing death from overdose. At certain 

combinations of drug concentrations and fixed-ratio sizes, water was 

substituted for drug for at least five sessions to determine if rates 

of drug-maintained responding exceeded rates of water-maintained re

sponding. The sequences of increases in pentobarbital concentrations 

and fixed-ratio sizes varied among the monkeys. 

Substitution of water. At the highest concentration tested, 4.0 

mg/ml, the fixed-ratio size was increased until rates of responding 

when drug was avail ab 1 e exceeded rates of responding when water was 

available. After five sessions of stable behavior at 4.0 mg/ml, the 

drug was replaced by water for at least five sessions. Once behavior 

was stable, pentobarbital at 4.0 mg/ml was reintroduced. 

Changes in concentration. Concentration was decreased in the 

sequence of 2.0, 1.0, 0.5, 0.25, 0.125, 0.0625 (for some monkeys), and 

0 (water). Each concentration was present until performance was 

stable for five sessions. 
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Rating of pentobarbital effects. During daily sessions the mon-

keys were monitored via closed-circuit television, and occasionally an 

experimenter entered the experimental room for a closer observation. 

After a drinking bout, the monkey's behavior was judged as falling 

into one of four categories: Rating 0, no observable effect; rating 

1, mild ataxia (the monkey could stand and move but was uncoordin

ated); rating 2, severe ataxia (the monkey could not move about and 

had difficulty remaining upright); and rating 3, anesthesia (the 

monkey would not respond to handling by the experimenter). This 

rating scale was adapted from one used in an experimental study of 

human sedative abusers (Pickens et ~-, 1977). The observers, when 

making the ratings, were aware of the pentobarbital concentration and 

fixed-ratio value. 

RESULTS 

Food-induced drinking of water. During sessions in which only 

water was available, lHtle was consumed. Drinking occurred irregu

larly within the 3-hr sessions. The mean volumes consumed by monkeys 

M-H, M-W, M-Pl, M-BL and M-P over the last five sessions of this phase 

were 127, 129, 77, 123, and 30 ml, respectively. 

In the next phase food became available at the beginning of the 

second hr, 

developed. 

and regular patterns of eating and drinking quickly 

The monkeys rapidly pressed the lever until all the 

available food pellets were delivered and placed in their mouths. 

Immediately after eating, the monkeys drank at high rates for about 30 

min. Over the last five sessions monkeys M-H, M-W, M-P1, M-BL, and 

M-P drank 497, 770, 983, 960, and 334 ml, respectively. Table 1A 

shows that the mean number of sessions in this phase was 23 and the 
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range was 8 to 37. Note that tables with the suffix .. A .. are in the 

appendix. Table 2A lists the mean number of water deliveries for each 

monkey. 

Food-induced drinking of pentobarbital. When 0.0078 or 0.0156 

mg/ml pentobarbital was substituted for water, there were no systema

tic changes in drinking. Figure 1 shows that at concentrations of 

0.25 mg/ml and below, the monkeys generally consumed all the liquid 

available from the reservoir. Subsequently, volume consumed decreased 

as pentobarbital. concentration was increased. Intake of pentobarbital 

per unit of body weight (mg/kg) increased directly with increases in 

concentration (fig. 1). Table 1A lists the number of sessions for 

each monkey at each concentration. Tables 2A, 3A, and 4A specify the 

mean liquid deliveries, quantity consumed, and volume consumed, 

respectively for each monkey at each pentobarbital concentration. 

Termination of within session food access. Access to food was 

shifted from within the session to one hr after the session either 

when drug intake reached levels greater than 35 mg/kg/session, or when 

substantial pentobarbital responding occurred during the first hr. 

Figure 1 (open circles) shows that when session feedings were discon

tinued, three of the five monkeys (M-H, M-W, and M-P1) continued to 

drink substantial volumes of pentobarbital solution. However, they 

drank less pentobarbital than when food was present. The decreases 

for each monkey were: M-H, 12.2 to 7. 9 mg/kg; M-W, 36.2 to 19.4 

mg/kg; and M-P1, 39.8 to 11.8 mg/kg. Table 5A shows for each monkey 

liquid deliveries and quantity of pentobarbital consumed as a function 

of food presented either in session or in intersession. With monkey 

M-Pl, food access was terminated after two sessions at 0.35 mg/ml, 
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since he was drinking enough pentobarbital to produce anesthesia for 

several hours (39.8 mg/kg). Monkey M-W continued to drink pentobar

bital solutions for 377 sessions until he was retested at 2.0 mg/ml 

after a sequence of water sessions; when retested at 2.0 mg/ml his 

pentobarbital drinking gradually declined to negligible levels. Two 

of the five monkeys (M-P and M-BL} stopped drinking when food was no 

longer available within the session. Monkey M-BL•s intake dropped 

from 41.0 to 0 mg/kg, and monkey M-P•s intake decreased from 45.1 to 

4.5 mg/kg (fig. 1). Table 6A lists the number of sessions that each 

monkey was tested with food in session and then with food in inter

session. 

Pentobarbital-ethanol combinations. Table 1 lists the volumes 

consumed at each combination of pentobarbital and ethanol. These com

binations were effective in maintaining drinking behavior. When etha

nol was removed, the three monkeys continued to drink pentobarbital 

solutions. 

Increases in fixed-ratio size and drug concentration. After all 

monkeys were drinking pentobarbital in the absence of inducing 

conditions, the drug concentration and fixed-ratio size were gradually 

increased. At a given pentobarbital concentration, increases in the 

fixed-ratio value produced increases in response rates and decreases 

in liquid deliveries and drug intake (Fig. 2). 

Figure 3 shows that monkey M-w•s fixed-ratio performance was 

characterized by high, steady rates of responding with occasional 

pauses after liquid deliveries. As with the other monkeys the highest 

rates of drinking were at the beginning of the session, and subsequent 

drinking occurred in discrete bursts. 
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TABLE 1 

Sequence of presentation of pentobarbital-ethanol combinations and 

mean volumes consumed at each condition. Each mean is calculated 

from the last 5 sessions at each condition 

Pentobarbital Ethanol 
cone. cone. Volume 
mg/ml % W/V ml 

M-BL (FR 1} 0 2 535 
.0312 2 389 
.0625 2 79 
.0625 4 307 
.125 4 268 
.25 4 352 
.35 4 379 
.35 2.8 352 
.35 2 424 
.5 2 387 
.5 1 483 
.5 0 416 

M-W (FR 8} 1.0 0 33 
1.0 0.5 68 
1.0 1 199 
1.0 0.5 204 
1.0 0 200 

M-P (FR 4} 0 2 686 
.0312 2 528 
.0625 2 554 
.125 2 523 
.25 2 524 
.5 2 456 
.5 1 474 
.5 0 327 
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Under a FR 16 schedule drug intake for the five monkeys averaged 

26.5, 30.2, and 37.3 mg/kg per 3-hr session at concentrations of 2.0, 

2.82, and 4.0 mg/ml, respectively (Table 2). These intakes produced 

behavioral changes that ranged from mild ataxia to anesthesia; the 

changes were directly related to the amount consumed (mg/kg). 

Substitution of water. When water was substituted for 4.0 mg/ml 

pentobarbital, liquid deliveries declined substantially for all 

monkeys (fig. 4}. Tab 1 es 8A and 9A show the mean values for 1 i quid 

deliveries and vo 1 ume consumed for each monkey. When 4. 0 mg/ml pen

tobarbital was reinstated, drinking rates for all monkeys increased 

across sessions to values similar to those previously maintained at 

4.0 mg/ml (fig. 4 and 5). Table 7A shows the number of sessions 

tested at both water and pentobarbital for each monkey. Figure 5 is a 

session-by-session plot of number of liquid deliveries obtained by 

each monkey as a function of liquid present: pentobarbital or water. 

This figure shows that for all monkeys the transition in drinking 

behavior that occurred when water was substituted for pentobarbital 

was an abrupt decrease whereas when pentobarbital replaced water, 

drinking behavior gradually increased. 

Concentration changes. Figure 6 shows that the number of liquid 

deliveries was an inverted U-shaped function of pentobarbital concen

tration. Water was presented both before and after the descending 

series of drug concentrations. The values obtained with water were 

always exceeded by values obtained with drug except for monkey M-W at 

4.0 mg/ml. Pentobarbital intake (mg/kg/3-hr session) decreased mono

tonically with decreases in concentration (fig. 6). 

At the highest concentration, 4.0 mg/ml, monkeys M-H and M-Pl took 
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TABLE 2 

Pentobarbital intake and behavioral ratings at FR 16 

for concentrations of 2.0, 2.82, and 4.0 mg/ml 

Mean intakes are calculated from the last five 

sessions at each concentration. 

Drug Intake (mg/kg/3 hours) Behavioral Ratings 

Pentobarbital Concentration Pentobarbital Concentration 
(mg/ml) (mg/ml) 

2.0 2.82 4.0 2.0 2.82 4.0 

33.4 34.5 43.0 2 2 2 

16.6 25.8 36.2 1 1 3 

24.9 27.8 40.5 1 2 3 

34.6 35.5 40.0 2 2 3 

23.0 27.3 26.6 2 2 2 

26.5 30.2 37.3 1.6 1.8 2.6 
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Figure 6. Mean liquid deliveries and quantity consumed (mg/kg) 
per 3-hr session as a function of pentobarbital concentration. 
Abscissa: pentobarbital concentration, log scale; ordinates: liquid 
deliveries (left panels) or quantity consumed (right panels). Filled 
points represent values tested in order of descending pentobarbital 
concentration presentation; unfilled points represent pre-test water 
control values. Points are means of the last five sessions at each 
concentration. Brackets indicate the standard error of the mean. The 
ordinate scales and fixed-ratio values differed for each monkey. 
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between 35 to 42 mg/kg of pentobarbital . These amounts were suf

ficient to produce anesthesia (rating 3) that lasted approximately 30 

min. After the anesthesia terminated the monkeys were severely 

ataxic, and when the ataxia decreased the monkeys drank more drug 

solution (fig. 6). 

Responding and drinking occurred in a negatively accelerated 

pattern; the highest rate of drinking occurred at the beginning of the 

sessions. This initial burst of drinking was followed by pauses that 

alternated with smaller bursts. Figure 7 shows representative cumula

tive records for M-P1 that illustrate the pattern of a 1 arge i ni ti al 

burst fall owed by a pause and subsequent alternations of bursts and 

pauses. When the monkeys responded, the fixed-ratio performance 

resembled that maintained by more commonly studied reinforcers such as 

food. 

With one monkey ( M-P1) the pattern of 1 i quid deliveries was ana

lyzed in detail. The data from this monkey were selected on the basis 

of being representative of the data from other monkeys. Figure 8 

shows mean liquid deliveries obtained during the last 5 sessions at 

each concentration. These deliveries were cumulated at 10-min inter

vals across the 3-hr sessions. This figure shows that with pentobar

bital the pattern of liquid deliveries was negatively accelerated 

whereas with water the pattern was linear. Figure 9 presents the mean 

cumulative percentage of liquid deliveries for monkey M-P1. For each 

pentobarbital concentration the total mean deliveries was given a 

value of 100 percent. The mean value for the entire 3-hr session was 

divided into the mean cumulated value for each 10-min interval of the 

3-hr session; this quotient was the multiple by 100 to give a percent 
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M-P1 FR 16 

4.0 mg/ml 

I 
400 Responses 

0 mg/ml 

3 hours 

Figure 7. Representative cumulative records for monkey M-Pl at FR 
16 when either water or one of three pentobarbital concentrations was 
present. Abscissa: time; ordinate: cumulative lip-contact respon
ses. Diagonal marks of the response pen show liquid deliveries fol
lowing completion of each ratio value. 

l 
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M-P1 FR 16 
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_. ................ ·•·•·•-! 0. 125 mg/ml ............. 

................................... ~ 0 mg/ml 
(retest) 

0 60 120 180 

Minutes 

Figure 8. Mean cumulative liquid deliveries obtained during 
10-minute segments of the last five stable sessions obtained at each 
pentobarbital concentration. Numbers adjacent to each function indi
cate the pentobarbital concentration. The order of testing of the 
various concentrations was graphed from top to bottom. 
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M-P1 FR 16 
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Figure 9. Mean cumulative percentage of liquid deliveries ob
tained during 10-minute segments of the last five stable sessions 
obtained at each pentobarbital concentration. The mean total number 
of liquid deliveries at each concentration was set equal to 100 
percent. Number adjacent to each function indicate pentobarbital 
concentration. 
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value. Figure 9 shows that the negatively accelerated drinking pat

tern was more pronounced at the higher pentobarbital concentrations. 

Results for water are not presented in this fashion si nee 1 ow number 

of water deliveries (frequently only 1 or 2) results in a misleading 

graph when percentage values are used. 

DISCUSSION 

A food-induced drinking procedure was used to initiate pentobar

bital drinking in five rhesus monkeys. However, for three monkeys, 

exposure to pentobarbital alone was not sufficient to establish the 

drug as a durable reinforcer, and so the pentobarbital-ethanol com

bination procedure was used. After this additional procedure all of 

the monkeys drank pentobarbital over a range of concentrations and 

under fixed-ratio schedules of reinforcement. The quantities they 

drank produced profound behavioral effects. That the pentobarbital 

drinking was not due simply to the liquid properties of the solution 

was indicated by the lower rates of drinking that occurred when only 

the vehicle (water) was available. 

There are points of similarity between our findings and those of 

investigators who studied intravenous pentobarbital sel f-administra

tion with rhesus monkeys. Within the 3-hr sessions the highest rate 

of drug intake occurred at the beginning of the session. Subsequent

ly, long pauses alternated with bursts of responding. This temporal 

pattern is similar to that observed when rhesus monkeys intravenously 

self-administer pentobarbital during 3-hr sessions (Goldberg et ~·, 

1971; Winger et ~., 1975). At FR 16 and high concentrations we 

observed marked intoxication after the initial bout of drug intake, 

and subsequent drug intake did not occur until the intoxication 
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diminished. Deneau et al. (1969) noted that with rhesus monkeys 

periods of intravenous pentobarbital intake were separated by episodes 

of. severe intoxication; these monkeys had continuous access (24 

hr/day) to pentobarbital. In the present study drug intake at the 

higher concentrations was usually between 10 and 40 mg/kg/3-hr 

session, and these values are within the range of those reported by 

Goldberg et al. (1971) and Winger et 21_. (1975). In studies in 

which intravenous pentobarbital was available for 3 hr each day 

(Goldberg et 2.!_., 1971; Winger et 21_., 1975) withdrawal signs were not 

observed when pentobarbital access was terminated; similarly, we saw 

no signs of withdrawal. 

In rhesus monkeys pentobarbital-maintained fixed-ratio performance 

has been reported in one other study with rhesus monkeys (Goldberg et 

!l·' 1971), and in that study pentobarbital was delivered intravenous

ly. In both the earlier and present studies fixed-ratio performance 

was similar to that maintained by more commonly studied reinforcers 

such as food, and in both studies increases in fixed-ratio size 

resulted in a decrease in total session drug intake. However, the 

results of the present study differ from those of Go 1 dberg et !l·, in 

that performance in the present study was maintained at substantially 

larger fixed-ratio values. Differences in route of drug administra

tion may account for this difference. When drugs including ethanol 

are delivered orally, the taste and/or odor may function as condi

tioned stimuli that facilitate performance (cf. Carroll & Meisch, 

1979). 

The effects of the fixed-ratio schedule are also similar to those 

obtained in a human sedative self-administration study (Bigelow et 
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~·· 1976}. In that study subjects earned tokens by pedaling an exer

cise cycle, and these tokens could be exchanged for a dose of diazepam 

or pentobarbital. When the number of tokens per dose was increased 

from 1 to 10, fixed-ratio perfonnance was well maintained but the 

number of drug ingestions decreased. 

Results of earlier studies, in which orally-delivered ethanol 

served as a reinforcer for rhesus monkeys are also similar in l'lany 

respects with results of the present study. With both ethano 1 and 

pentobarbital the highest rates of drinking occurred during the first 

30 min of access; subsequently drinking occurred in bursts well spaced 

over the rest of the 3-hr sessions (Meisch & Henningfield, 1977; 

Henningfield & Meisch, 1978}. Also, with both drugs, drug intake 

(mg/kg/session} is directly related to the drug concentration whereas 

the number of liquid deliveries is an inverted U-shape function of 

drug concentration. One difference between the two drugs is that with 

pentobarbital the monkeys became substantially more intoxicated. In 

the ethanol studies (Meisch & Henningfield, 1977; Henningfield & 

Meisch, 1978} anesthesia rarely occurred whereas in the present study 

it commonly occurred under certain conditions (e.g., FR 16 and 4.0 

mg/ml pentobarbital}. 

The current findings have implications for the hypothesis that in 

animal studies the reinforcing properties of ethanol are due to the 

caloric value of ethanol (cf. Henningfield & Meisch, 1981}. In 

several studies (e.g., the present study, Henningfield & Meisch, 

1978} similar findings have been obtained when ethanol or pentobar

bital functioned as a reinforcer for rhesus monkeys. Since similar 

findings are obtained with both drugs, common properties of both drugs 



-26-

must account for these results. Conversely, properties they do not 

share, such as caloric value, cannot account for the results. These 

conclusions are consistent with findings of other studies concerning 

the role of nutritional factors in determining ethanol and other drug 

intake (Henningfield & Meisch, 1981). 

The present study shows that experimental strategies \'klich are 

useful in the establishment and maintenance of oral ethanol, etonita

zene, and phencyclidine self-administration in rats and monkeys are 

also useful in the establishment and maintenance of pentobarbital 

self-administration. This oral drug self-administration procedure and 

the findings obtained with it are relevant to problems of human drug 

dependence, for the results replicate important laboratory findings 

obtained with human sedative abusers (Griffiths, Bigelow, & Henning

field, 1980). These findings include the self-administration of 

intoxicating quantities of pentobarbital and the functioning of the 

drug as a positive reinforcer when taken orally. 
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APPENDIX 

List of Tables 

Sequence of experimental conditions and number of 
sessions tested under each pentobarbital concentration. 

Liquid deliveries {means of five sessions+ S.E.) as a 
function of pentobarbital concentration. Food was given 
in session. Standard. error values for the group are 
means of the standard errors for individual monkeys 
{monkeys X 1 S.E. each). 

Quantity consumed in mg per kg of body weight per 3-hr 
session {means of five sessions) as a function of pento
barbital concentration. Food was given in session. 

Milliliters consumed per 3-hr session {means of five 
sessions + S.E.) as function of pentobarbital 
concentration. Food was given in session. Standard 
error values for the group are means of the standard 
errors for individual monkeys. 

Number of sessions tested with food presented either in 
session or in intersession. 

Liquid deliveries and quantity consumed {mg/kg body wt./ 
3-hr session) as a function of food presented either in 
session or in intersession. Each value is the mean of 
five sessions {+ S.E.). 

Number of sessions tested with either pentobarbital {4.0 
mg/ml or water present. Note that the FR value differed 
for each monkey tested. 

Liquid deliveries {means of five sessions+ S.E.) as a 
function of liquid present: 4.0 mg/ml pentobarbital or 
water. Group values are means of 25 sessions {5 monkeys 
X 5 sessions). Standard error values for the group are 
means of the standard error for individual monkeys {5 
monkeys X 1 S.E. each). 

Milliliters consumed {means of five sessions+ S.E.) as a 
function of liquid present: 4.0 mg/ml pentobarbital or 
water. Group values are means of 25 sessions {5 monkeys 
X 5 sessions). Standard error values for the group are 
means of the standard errors for individual monkeys {5 
monkeys X 1 S.E. each). 

Sequence of experimental conditions and number of 
sessions tested under each pentobarbital concentration. 
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Liquid responses (means of five sessions + S.E.) as a 
function of pentobarbital concentration. Standard error 
values for the group are means of the standard errors for 
i ndi vi dual monkeys. Note that the fixed-ratio values 
varied among the monkeys. 

Liquid deliveries (means of five sessions+ S.E.) as a 
function of pentobarbital concentration. Standard error 
values for the group are means of the standard errors for 
individual monkeys. Note that the fixed-ratio values 
varied among the monkeys. 

Milliliters consumed (means of five sessions+ S.E.) as a 
function of pentobarbital concentration. Standard error 
values for the group are means of the standard errors for 
individual monkeys. Note that the fixed-ratio values 
varied among the monkeys. 

Quantity consumed in mg/kg of body wt./3-hr session as a 
function of pentobarbital concentration. 
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Table 1A 

Sequence of experimental conditions and number of 
sessions tested under each pentobarbital concentration 

Monkey 

PB Cone. M-Bl M-H M-P M-P1 
(mg/ml} 

0 (water} 31 37 28 8 

0.0078 8 NT a 18 5 

0.0156 5 7 10 5 

0.02 NT 5 10 NT 

0.0312 5 5 7 6 

0.04 NT 7 7 NT 

0.0625 5 8 5 8 

0.09 NT 9 " NT 

0.125 12 7 6 5 

0.18 NT 7 6 NT 

0.25 8 9 5 7 

0.35 9 NT 12 2 

0.5 9 NT 11 NT 

0.707 NT NT 26 NT 

1.0 ' NT NT 8 NT 

a NT means Not Tested 

M-W 

13 

6 

5 

NT 

8 

NT 

5 

NT 

7 

NT 

7 

7 

9 

7 

NT 



PB Cone 
(m~/ml) 

0 (water) 
0.0078 
0.0156 
0.02 
0.0312 
0.04 
0.0625 
0.09 
0.125 
0.18 
0.25 
0.35 
0.5 
0.707 
1.0 

Table 2A 

Liquid deliveries (means of five sessions+ S.E.) as a function of pentobarbital 
concentration. Food was given in session. Standard error values for the group are 

means of the standard errors for individual monkeys (monkeys X 1 S.E. each). 

Monkey 

M-BL M-H M-P M-P1 M-W 

1917.4 (27.1) 1696.8 (111.5) 797.4 (56.1) 1726.0 (30.0) 1435.0 (54.2) 
2241.6 (85.4) aNT 1157.2 (84. 7) 1751.0 (7.8) 1415.0 ( 21.2) 
2299.4 (74.0) 1729.0 (74.5) 1572.6 ( 36 .1) 1779.0 (17.0) 1448.6 (18.5) 

NT 1790.6 ( 61.9) 1385.6 (26.3) NT NT 
2298.4 (178.8) 1584.2 (96.5) 934.0 ( 31.5) 1710.0 (29.0) 1668.8 (55.5) 

NT 1538.4 (162.6) 1278.4 ( 21.9) NT NT 
2245.4 (106 .8) 1112.4 (74.9) 1196.2 ( 27. 7) 1655.0 (18. 0) 1642.4 ( 69. 7) 

NT 1324.6 (88.2) 1231.6 (14.8) NT NT 
2034.6 (69.3) 1165.1 (49.1) 1209.2 (103 .0) 1661.0 ( 5. 7) 1474.2 (35.4) 

NT 1265.8 (142.0) 1220.6 ( 34. 7) NT NT 
1993.6 (87.2) 1297.0 (71.5) 1201.6 (19.6) b1671.0 (5.1) 1647.6 (40.6) 
1596.2 (45.5) NT 990.4 (98.9) 1340.0 (95.0) 1620.6 (42.4) 
1194.6 (28. 7} NT 1140.6 (55.5} NT 1245.6 ( 61.0} 

NT NT 948.4 (73.3} NT 651.0 (46.8} 
NT NT 740.8 (33.3) NT NT 

~NT means Not Tested 
Mean of two sessions 

Group 

1514.3 (55.8) 
1641.2 (49.8) 
1765.7 (44.0) I 

w 
1588.1 ( 44.1) (.]1 

I 

1639.1 (78.3) 
1408.4 (92.3) 
1570.2 (59.5) 
1278.1 (51. 5) 
1508.8 (52.5) 
1243.2 (88.4) 
1562.2 (44.8) 
1386.8 (70.5} 
1193.6 (48.4) 
799.7 (60.1) 
740.8 (33.3} 
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Table 3A 

Quantity consumed in mg per kg of body weight per 3-hr 
session (means of five sessions) as a function of 

pentobarbital concentration. Food was given in session. 

Monkeys 

PB Cone. M-BL M-H M-P M-P1 M-W Group 
(mg/ml) 

0.0078 1.0 NT 0.4 1.2 0.8 0.9 

0.0156 1.9 0.8 0.8 2.7 1.7 1.6 

0.02 NT 1.0 1.0 NT NT 1.0 

0.0312 3.9 1.5 l.fi 5.3 3.9 3.2 

0.04 NT 1.9 2.0 NT NT 2.0 

0.0625 7.6 3.0 3.2 10.8 7.6 6.4 

0.09 NT 4.4 4.7 NT NT 4.6 

0.125 15.2 6.2 6.4 18.4 14.0 12.0 

0.18 NT 8.9 9.6 NT NT 9.3 

0.25 30.9 2.2 13.3 36.8 31.3 24.9 

0.35 42.5 NT 16.4 a41.0 43.1 35.8 

0.5 44.1 NT 26.9 NT 48.2 39.7 

0.707 NT NT 34.2 NT 36.7 35.5 

1.0 NT NT 45.1 NT NT 45.1 

aValue based on mean of two sessions 



PB Cone 
(mg/ml) 

0 
0.0078 
0.0156 
0.02 
0.0312 
0.04 
0.0625 
0.09 
0.125 
0.18 
0.25 
0.35 
0.5 
0.707 
1.0 

Table 4A 

Milliliters consumed per 3-hr session (means of five sessions~ S.E.) as function 
of pentobarbital concentration. Food was given in session. Standard error values 

for the group are means of the standard errors for individual monkeys. 

Monkey 

M-BL M-H M-P M-P1 M-W 

960.4 (22.3) 4~7 .0 ( 1.8) 334.2 ( 21.9) 983.0 (12 .o) 857.8 ( 30 .1) 
990.4 (2.1) NT 445.0 (22.5) 981.2 (2. 7) 842.0 (16. 6) 
939.4 (31.0) 499.0 ( 1.0) 487.2 (4.0) 981.0 ( 1.3) 856.8 (11.2) 

NT 500.0 (0) 481.8 (4.6) NT NT 
949.8 (37.6) 499.0 ( 1.0) 476.2 (2. 7) 960.1 (9.8) 980.0 (20.0) 

NT 495.6 (1. 7) 478.4 (3.2) NT NT 
957.1 (22.0) 499.8 (0.2) 480.0 ( 1.6) 98~.4 (2.3) 949.0 (28.3) 

NT 498.0 ( 1. 2) 482.6 (2.1) NT NT 
960.6 (14.4) 497.0 (0. 7) 473.0 (16.0) 986.3 ( 1.5) 871.6 (16 .8) 

NT 498.8 (0. 7) 492.8 (2.1) NT NT 
978.8 (3.0) 498.6 (0.9) 488.0 (0.9) b983.0 (0. 7) 976.0 (21.6) 
921.8 (23.3) NT 431.6 (32.2) 819.0 (54.0) 961.4 (20.6) 
670.4 (13.2) NT 484.8 (4.9) NT 751.2 ( 30 .1) 

NT NT 425.4 (24.0) NT 404.6 (31.6) 
NT NT 424.0 (18 .1) NT NT 

~NT means Not Tested 
Mean of two sessions 

Group 

726.5 (17.6) 
814.7 (11.0) 
752.7 (9. 7) I 

w 
490.9 (2.3) """' I 

773.0 (14 .2) 
487.0 (2.5) 
774.3 (10 .9) 
490.3 (1. 7) 
757.5 (9.9) 
495.8 ( 1.4) 
784.9 (5.4) 
783.5 (32.5) 
635.5 (16.1) 
415.0 (27.8) 
424.0 (18.1) 



Monkey 

M-BL 

M-H 

M-P 

M-P1 

M-W 
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Table SA 

Number of sessions tested with food presented 
either in session or in intersession 

Number of sessions tested 

PB Cone. Food in Food in 
(mg/ml) Session Intersession 

0.5 27 15 

0.25 10 13 

1.0 8 7 

0.35 2 17 

0.707 7 55 
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Table 6A 

Liquid deliveries and quantity consumed (mg/kg body wt./3-hr 
session) as a function of food presented either in session or 

in intersession. Each value is the mean of five sessions (~ S.E.). 

Quantity Consumed 
PB Cone. Liquid Deliveries (mg/kg/3-hr) 

Monkey (mg/ml) Food in Food in Food in Food in 
Session Intersession Session Intersession 

M-BL 0.5 1467.1 (78.0) 36.4 (2.3) 49.1 1.3 

M-H 0.25 1297.0 (71.5) 680.8 (123.2) 12.2 7.9 

M-P 1.0 a740.8 (33.3) 64.0 (7.5) 45.1 4.5 

M-P1 0.35 1340.0 (95.0) 319.0 (64.0) 41.0 9.6 

M-W 0.707 651.0 (46.8) 481.0 (25.0) 36.7 24.7 

aValue based on mean of two sessions 
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Table 7A 

Number of sessions tested with either pentobarbital 
(4.0 mg/ml) or water present. Note that the FR 

value differed for each monkey tested. 

Pentobarbital (mg/ml) 

Monkey Schedule 4.0 0 (water) 

BL FR 32 7 5 

H FR 16 5 7 

p FR 45 11 6 

P1 FR 16 11 5 

w FR 64 5 9 

4.0 

8 

15 

9 

8 

14 
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Table 8A 

Liquid deliveries {means of five sessions~ S.E.) as a function 
of liquid present: 4.0 mg/ml pentobarbital or water. Group 
values are means of 25 sessions {5 monkeys X 5 sessions). 

Standard error values for the group are means of the standard 
error for individual monkeys {5 monkeys X 1 S.E. each). 

Pentobarbital {mg/ml) 

Monkey Schedule 4.0 0 {water) 4.0 

BL FR 32 39.0 {2. 7) 7.2 { 1.2) 27.2 { 1. 3) 

H FR 16 128.8 {9.2) 21.2 {5.9) 88.4 {7 .1) 

p FR 45 55.4 {10 .0) 30.6 {7.0) 65.8 {2.6) 

Pl FR 16 126.4 { 5. 7) 6.0 {3.1) 116.6 { 1. 3) 

w FR 64 79.6 { 3 .1) 40.2 (7.6) 73.8 {2.1) 

Group 85.8 {6 .1) 21.0 {5.0) 74.4 {2.9) 
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Table 9A 

Milliliters consumed (means of five sessions~ S.E.) as a 
function of liquid present: 4.0 mg/ml pentobarbital or water. 
Group values are means of 25 sessions (5 monkeys X 5 sessions). 
Standard error values for the group are means of the standard 

errors for individual monkeys (5 monkeys X 1 S.E. each). 

Pentobarbital (mg/ml) 

Monkey Schedule 4.0 0 (water) 4.0 

BL FR 32 26.8 ( 1.8) 4.4 (0.6) 17.6 ( 1.1) 

H FR 16 76.6 (5.9) 14.8 (3.8) 54.2 (4.1) 

p FR 45 31.8 ( 1.0) 15.0 (3.5) 36.0 (2.0) 

P1 FR 16 67.8 (2.6) 5.4 ( 1.6) 61.2 ( 1. 3) 

w FR 64 41.6 (3.0) 20.4 (5.4) 36.0 (1. 7) 

Group 48.9 (2.9) 12.0 (3.0) 41.0 (2.0) 
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Table lOA 

Sequence of experimental conditions and number 
of sessions tested under each pentobarbital concentration. 

Monkey 

PB Cone. M-BL M-H M-P M-Pl M-W 
(mg/ml} (FR 32} (FR 16} (FR 45} (FR 16} (FR 64} 

0 !) 7 6 5 9 

4.0 8 15 9 8 14 

2.0 6 6 6 15 5 

1.0 9 8 37 5 8 

0.5 11 14 9 10 10 

0.25 12 5 5 6 

0.125 27 19 20 21 

0.0625 11 24 NT 35 

0 6 5 5 5 



PB Cone 
(mg/ml) 

0 

4.0 

2.0 

1.0 

0.5 

0.25 

0.125 

0.0625 

0 

Table llA 

Liquid responses (means of five sessions+ S.E.) as a function of 
pentobarbital concentration. Standard error values for the group are 

means of the standard errors for individual monkeys. Note that 
the fixed-ratio values varied among the monkeys. 

Monkey 

M-BL M-H M-P M-P1 
(FR 32) (FR 16) (FR 45) (FR 16) 

219.2 (38.0) 338.0 (95.6) 1379.6 (329.1) 99.2 (48.4) 

867.8 (44.4) 1411.6 (112.0) 2961.4 (116.7) 1867.0 (21.0) 

1395.2 (154. 7) 2674.0 (114.0) 3633.2 (147.3) 2735.0 (50.6) 

1684.2 (186.5) 3755.0 (228.0) 3863.0 (278.7) 4426.0 (66.0) 

3250.6 (128.4) 3394.0 (243.0) 3954.0 (265.4) 5948.0 (208.0) 

4058.4 (427.0) --------------- 4761.2 (307.5) 4998.0 (166.0) 

1470.0 (315.2) --------------- 2992.0 (269.1) 1902.0 (298.0) 

1411.4 (382.3) --------------- 2259.4 (340.0) aNT 

243.0 (137.9) --------------- 410.0 (148.8) 10.4 (4.0) 

a NT means Not Tested 

M-W 
(FR 16) 

2572.4 (479.5) 
I 

(133.6) 
~ 

4686.2 ~ 
I 

6818.0 (298.5) 

9962.2 (217.1) 

10248.0 (724.5) 

11844.2 (466.2) 

10431.0 (302.2) 

8101.4 (1103.6) 

5607.8 (245.0) 



PB Cone 
(mg/ml) 

0 
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2.0 
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Table 12A 

Liquid deliveries (means of five sessions~ S.E.) as a function of 
pentobarbital concentration. Standard error values for the group are 

means of the standard errors for individual monkeys. Note that 
the fixed-ratio values varied among the monkeys. 

Monkey 

M-BL M-H M-P M-P1 M-W 
(FR 32) (FR 16) (FR 45) (FR 16) (FR 64) 

7.2 ( 1.2) 21.2 (5.9) 30.6 (7.3) 6.0 (3.1) 40.2 ( 7. 6) 

27.0 (1.3) 88.4 (7.1) 65.8 (2.6) 117.0 ( 1.3) 73.8 (2.1) 

44.0 (4.9) 167.4 (7.2) 80.8 (3.4) 171.0 (3.4) 107.0 (4.6) 

52.8 (5.8) 235.0 (14.0) 85.8 (6.2) 277.0 (4.3) 156.8 (3.5) 

101.2 (4.1) 214.0 (15. 3) 87.8 (5.9) 372.0 (12. 9) 161.4 (11.4) 

120.4 (14.5) ------------- 105.8 (6.8) 313.0 (10.0) 186.0 (7.5) 

45.8 (9.9) ------------- 66.6 (6.0) 119.0 (18. 7) 163.0 (4.6) 

44.4 (12.1) ------------- 50.2 (7.6) aNT 133.4 ( 21.3) 

8.2 (4.2) ------------- 8.8 (3.3) 0.4 (0.2) 87.8 (4.0) 

aNT means Not Tested 

Group 
Mean 

21.0 (5.0) 
I 
~ 

74.4 (2.9) U1 
I 

114.0 (4. 7) 

161.5 (6.8) 

187.3 (9.9) 

181.3 (9. 7) 

98.6 (9.8) 

76.0 (13. 7) 

26.3 (2.9) 
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Table 13A 

Milliliters consumed (means of five sessions~ S.E.) as a function 
of pentobarbital concentration. Standard error values for the 
group are means of the standard errors for individual monkeys. 

Note that the fixed-ratio values varied among the monkeys. 

Monkey 

M-BL M-H M-P M-P1 M-W 
(FR 32) (FR 16) (FR 45) (FR 16) (FR 64) 

4.4 (0.6) 14.8 (3.8) 15.0 (3.5) 5.4 ( 1.6) 20.0 (5.4) 

17.6 ( 1.1) 54.2 (4.1) 36.0 (2.0) 61.2 ( 1.3) 36.0 (1. 7) 

26.0 (2.9) 95.4 (3.5) 45.0 (2.1) 94.8 (2.8) 52.6 (2.9) 

33.6 (3.4) 145.0 (9.2) 44.0 (4.3) 155.4 (3.8) 82.0 (4.6) 

63.5 (2. 7) 129.0 (14.0) 47.0 (5.2) 210.6 ( 5. 7) 86.0 (11.0) 

73.6 (9.2) ------------- 57.0 { 5.1) 178.0 (5.0) 95.0 (6.0) 

28.0 (5.8) ------------- 36.0 (3.3) 69.6 (11.0) 83.8 (2.3) 

18.4 (7.5) ------------- 25.0 ( 5.8) aNT 68.0 (11.0) 

5.0 ( 1. 6) ------------- 5.0 (2.2) 5.0 (0) 44.0 (3.3) 

a NT means Not Tested 

Group 
Mean 

11.9 (3.0) 
I 

+::> 
41.0 (2.0) 0'\ 

I 

62.8 (2.8) 

92.0 (5.1) 

107.2 (7. 7) 

100.9 (6.3) 

54.4 {5.6) 

37.1 (8.1) 

14.8 ( 1.8) 



PB Cone. 
(mg/ml} 
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Table 14A 

Quantity consumed in mg/kg of body wt./3-hr 
session as a function of pentobarbital concentration. 

Monkey 

M-BL M-H M-P M-P1 M-W 
(FR 32} (FR 16} (FR 45} ( FR 16} (FR 64} 

11.9 25.5 19.2 36.5 22.5 

8.8 22.5 12.0 27.1 16.4 

5.8 17.1 5.9 22.2 12.8 

5.3 7.6 3.4 15.0 6.7 

3.1 2.1 6.4 3.7 

0.6 0.7 1.3 1.6 

0.2 0.2 aNT 0.7 

aNT means Not Tested 

Group 

23.1 

17.4 

12.8 

7.6 

3.8 

1.1 

0.4 


