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FERGUSON, S. A. AND M. G. PAULE. Acute effects of pentobarbital in a monkey operant behavioral test battery. 
PHARMACOL BIOCHEM BEHAV 45(1) 107-116, 1993.-The effects of acute pentobarbital treatment were assessed 
using a complex operant test battery containing five tasks in which correct performance is thought to depend upon processes 
associated with short-term memory and attention [delayed-matching-to-sample (DMTS)], color and position discrimination 
[conditioned position responding (CPR)], motivation [progressive ratio (PR)], time perception [temporal response differentia- 
tion (TRD)], and learning [incremental repeated acquisition (IRA)]. Adult, male rhesus monkeys were tested 15 min after IV 
injection of saline or pentoharbital (1, 3, 5.6, 10, or 15 mg/kg). Behavioral endpoints measured included percent task 
completed, response rate or latency, and response accuracy. The order of task sensitivity to disruption by PBT was TRD > 
IRA = DMTS = PR > CPR, in which sensitivity was defined as a significant disruption in any aspect of task performance. 
PBT slowed response rates at 10.0 and/or 15.0 mg/kg in all tasks. Accuracy was decreased in the TRD task at _>5.6 mg/kg 
but doses of _> I0.0 mg/kg were required to decrease accuracy in the IRA, DMTS, and CPR tasks. Thus, behavior thought to 
model time perception (TRD) was more sensitive than behavior modeling learning (IRA), short-term memory and attention 
(DMTS), and motivation (PR). CPR was the least sensitive behavior. Because pentobarbital exerts its effects at least in part 
via GABA systems, the effects in the current study were compared with those of a previous study of the acute effects of 
diazepam. The two compounds exerted fundamentally different effects on operant test battery performance. 

Pentobarbital Monkey Operant behavior 
Motivation Color and position discrimination 

Learning Short-term memory Time perception 

THE barbiturate pentobarbital (Nembutal) has been widely 
prescribed for the treatment of anxiety and insomnia; in addi- 
tion, it has a high abuse liability. The National Household 
Survey on Drug Abuse found that 3.5°70 of people over 12 
years of age reported one or more incidences of nonmedical 
use of sedatives, including barbiturates (14). Its medical use 
as a sedative has been largely replaced by the benzodiazepines 
(e.g., diazepam); however, it continues to be used as an acute 
treatment for convulsions and as an anesthetic in humans and 
animals (24). Similar to the benzodiazepines, pentobaxbital 
appears to exert its behavioral effects by enhancing the inhibi- 
tory action of GABA in the CNS (8,16,25,34). 

The psychophaxmacology of acute pentobarbital adminis- 
tration has been widely investigated in pigeons and rats (1,7,9- 
11). In general, previous studies have assessed the effects of 
pentobaxbital using classical operant behavior such as fixed- 
ratio or fixed-interval performance. Rarely have more "cogni- 
tive" functions such as time perception and complex learning 
been studied with respect to acute barbiturate treatment. Fur- 
ther, most studies have investigated the effects of pentobarbi- 
tal using one or two behaviors rather than through the use of 
multiple behaviors in the same subjects. Such studies, particu- 

laxly with nonhuman primates, axe essential to provide a more 
comprehensive profile of the effects of acute pentobarbital 
administration. 

To more completely describe the acute effects of pentobax- 
bital treatment, the current study employed a monkey operant 
test battery (OTB) containing five behavioral tasks that axe 
thought to model different CNS functions. The tasks and the 
CNS function that each is thought to model are: delayed- 
matching-to-sample (DMTS) (short-term memory and atten- 
tion); conditioned position responding (CPR) (color and posi- 
tion discrimination); progressive ratio (PR) (motivation to 
work for food reinforcers); temporal response differentiation 
(TRD) (time perception); and incremental repeated acquisition 
(IRA) (learning). Studies in this laboratory have demonstrated 
that these tasks axe differentially sensitive to the effects of a 
variety of psychotropic compounds (18). 

Diazepam was one of the compounds previously investi- 
gated using the OTB (32). That study indicated that diazepam 
exerted its strongest effects on the OTB tasks thought to 
model time perception (TRD) and learning (IRA) and had 
little or no effects on color and position discrimination (CPR) 
or motivation (PR). Because in vitro studies have shown that 
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diazepam and pentobarbital work through different mecha- 
nisms to enhance GABA transmission (33), it is important to 
compare the behavioral effects of pentobarbital with those 
of  diazepam. Thus, the current study provides a profile of  
behavioral effects for acute pentobarbital administration as 
well as a comparison to that previously found for diazepam. 

METHOD 

Subjects 

Eight adult, male rhesus monkeys (Macaca mulatta) be- 
tween 5 and 9 years of  age and weighing from 5-10 kg served 
as subjects. All monkeys had previously been trained under 
the schedules in the OTB for several years and had been used 
as subjects in previous studies on the acute effects of  several 
psychoactive compounds (21,29-32). Animal housing, feed- 
ing, etc. were as previously described (29). Briefly, each mon- 
key was individually housed and fed its daily allotment of  
food immediately after each test session. Water was available 
ad lib. Animal care and use procedures were in accordance 
with the American Association for Accreditation of  Labora- 
tory Animal Care (AAALAC) guidelines and approved by the 
Institutional Animal Care and Use Committee of  the National 
Center for Toxicological Research. 

Apparatus 

The apparatus have been described in detail elsewhere (29) 
and consisted of  portable primate restraint chairs, sound- 
attenuated behavioral chambers, operant panels, and com- 
puter consoles. The operant panels were equipped with three 
rear-projection press-plates, four retractable levers, six serial 
position indicator lights, and correct and incorrect response 
indicator lights. The press-plates, levers, and indicator lights 
were aligned horizontally, with the press-plates and serial posi- 
tion indicator lights located above the levers. Symbols and/or  
colors were projected onto the press-plates from the rear and, 
when pressed, each effected a switch closure. Serial position 
and correct and incorrect indicator lights were illuminated 
from behind the panel with various colors. A trough for rein- 
forcer (190-rag banana-flavored food pellet) delivery was cen- 
tered below the levers. 

Operant Schedules 

The use and description of the tasks contained in the OTB 
have been reported in detail elsewhere (17,29) and a diagram 
of  the behavioral test panel is shown in Paule et al. (23). A 
brief description of  each task follows. 

PR. For the PR task, only the far-right retractable lever 
was extended. Each monkey was required to increase the num- 
ber of lever presses required for each subsequent reinforcer. 
Initially, one or two lever presses (depending upon the individ- 
ual monkey but the same for each subject every test day) 
resulted in reinforcer delivery. The number of  responses re- 
quired for the next reinforcer was increased by the initial num- 
ber of lever presses required for the first reinforcer. Thus, if 
two lever presses were required for the initial reinforcer, four 
lever presses were required for the next, then six, eight, etc. 
The ratio increments were chosen so that marked periods of 
pausing or cessation of responding generally occurred during 
each baseline or vehicle PR component of  the test session. 

IRA. For the IRA task, all four retractable levers were 
extended and the serial position and correct and incorrect re- 
sponse indicator lights were used. Subjects were required to 

acquire, or learn, a new sequence of lever presses each test 
session. The IRA task began with the presentation of a one- 
lever response requirement (IRA1) and the rightmost serial 
position light on. Each response on the correct one of  the 
four levers resulted in reinforcer delivery, and after 20 correct 
response sequences (criterion performance) a l-rain time-out 
period was followed by the presentation of  an "incremented" 
two-lever response sequence (IRA2), in which a response on a 
different lever was required before a response on the original 
0RA1) lever produced a reinforcer. After 20 errorless two- 
lever sequences (i.e., no errors were made between the first 
and last correct lever presses of the required sequence), the 
task was incremented to a three-lever sequence and so on, up 
to a six-lever sequence or until the allotted time elapsed. At 
the six-lever sequence, two levers were repeated in the se- 
quence. The serial position indicator lights signaled position 
in the response sequence from left to right, indicating the 
remaining number of correct responses necessary for rein- 
forcer delivery. Incorrect responses were followed by a 2-s 
time-out (incorrect response indicator light on) but did not 
reset the response requirement; thus, error correction was per- 
mitted. Correct responses were followed by illumination of  
the next rightmost serial position indicator light and the final 
correct response in a sequence was followed by a 1-s time-out, 
during which the correct response indicator light was illumi- 
nated. 

CPR. For the CPR task, only the three press-plates were 
used (levers were retracted). At  the start of each trial, the 
center press-plate was illuminated with either a solid red, yel- 
low, blue, or green color (side press-plates were dark). Sub- 
jects continued the trial by making an "observing" response (a 
press) to the center plate, after which it was extinguished and 
the two side plates immediately illuminated white. If the center 
press-plate had been either blue or green, a response to the 
right press-plate (white) resulted in reinforcer delivery and 
initiation of  a new trial. If the center press-plate had been 
either red or yellow, a response to the left press-plate (white) 
resulted in reinforcer delivery and initiation of  a new trial. 
Responding to the incorrect position initiated a 10-s time-out 
period followed by the initiation of  a new trial. The sequence 
of  color presentation was random. 

TRD. For the TRD task, only the far-left retractable lever 
was extended. Subjects were required to hold the lever in the 
depressed position for a minimum of 10 s but no longer than 
14 s. Releasing the lever within this 4-s window resulted in 
reinforcer delivery. Releasing the lever too early or too late 
ended the ongoing trial, after which the monkey could imme- 
diately start another trial. 

DMTS. For the DMTS task, only the three press-plate 
manipulanda were used (levers were retracted). At  the start of  
each trial, one of  seven white-on-black geometric symbols (the 
"sample") was projected onto the center press-plate in a ran- 
dom fashion (side press-plates were dark). To continue the 
trial, each monkey was required to make an "observing" re- 
sponse (a press) to the center plate. After the "observing" 
response was made, the center plate was extinguished for one 
of six time delays (i.e., 2, 4, 8, 16, 32, or 48 s, presented 
pseudorandomly) during which all three press-plates were 
dark. After the time delay, all three plates were illuminated, 
each with a different geometric symbol, only one of  which 
matched the sample. A response to the "match" resulted in 
reinforcer delivery and initiation of a new trial with another 
sample stimulus (presented randomly). A nonmatching re- 
sponse was followed by a 10-s time-out period (all plates dark- 
ened) and then initiation of a new trial. 
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Behavioral Testing Procedure 

Behavioral test sessions were conducted daily (Monday- 
Friday) and lasted approximately 50 min. Monkeys were ro- 
tated through nine identical behavioral test chambers so that, 
generally, no monkey was placed in the same chamber on 2 
consecutive test days. Behavioral schedules alternated daily. 
For example, PR (10 rain), IRA (35 rain), and CPR (5 rain) 
were presented on one test day; TRD (20 rain) and DMTS (30 
rain) were presented the next test day. 

Drug and Dosing Procedure 

Pentobarbital (Sigma Chemical Co., St. Louis, MO) was 
dissolved in saline so that the final injection volume was 0.1 
ml/kg and doses (1, 3, 5.6, 10, and 15 mg/kg,  IV) were admin- 
istered in a randomized order. Pentobarbital injections were 
given on Tuesdays and/or  Fridays while vehicle injections 
were given on Tuesdays, Thursdays, and/or  Fridays. Testing 
without prior injection was conducted on Mondays and 
Wednesdays. Due to the daily alternation of  behavioral tasks, 
all pentobarbital doses were given twice to provide dose-re- 
sponse data for each operant task. Approximately 15 rain 
after injection, each monkey was placed into an operant 
chamber and the behavioral session began 1 min later. 

Behavioral Endpoints 

The endpoints measured in each task have been described 
in detail elsewhere (29). Three fundamental measures were 
monitored for most tasks: percent task completed (PTC), re- 
sponse rate (RR) or latency, and response accuracy. 

PTC. The PTC data are measures of  a predetermined per- 
formance criteria and are functions of  both RR and response 
accuracy. The PTC measure for each task is calculated by 
dividing the total number of  reinforcers earned by the total 
number of  reinforcers possible for that task and multiplying 
this quotient by 100. The total number of  reinforcers possible 
was chosen arbitrarily based upon the length and difficulty of  
the task. The PTC endpoint is a convenient and comprehen- 
sive measure showing intra-animal stability and is useful for 
comparing drug effects on performance across tasks. 

RR and latency. RR for each of  the PR and TRD tasks 
were calculated by dividing the total number of  lever presses 
by the total task time (in seconds). RR for each of the CPR, 
DMTS, and IRA tasks were calculated by dividing the total 
number of  responses by the total task time minus time-out 
and any delay periods (in seconds). For the DMTS and CPR 
tasks, mean response latencies were also calculated for both 
observing and choice responses. In the DMTS and CPR tasks, 
if a monkey did not make an observing and/or  choice re- 
sponse, a maximum response latency of 300 s was used in the 
analyses. In addition to overall RR for the IRA task (all re- 
sponse components considered), RR was measured for indi- 
vidual components or levels within the IRA task. 

Response accuracy. Response accuracy for each of  the 
CPR and DMTS tasks was calculated by dividing the number 
of  correct responses by the total number of  trials in a given 
session and multiplying this quotient by 100. Accuracy at each 
delay in the DMTS task was also measured. For the TRD and 
IRA tasks, response accuracy was calculated by dividing the 
total number of  correct lever presses by the total number of  
lever presses in a given session and then multiplying this quo- 
tient by 100. As was done for IRA RR, response accuracy was 
measured within individual components or levels within the 
IRA task as well as for all components combined (overall 

accuracy). Response accuracy was not applicable for the PR 
task. 

Other measures. For the TRD task, mean duration of  lever 
hold and for the PR task the breakpoint (the magnitude of  
lever presses for the last ratio completed for which the monkey 
earned a reinforcer) were also measured. Within each se- 
quence of  the IRA task beyond IRA1, errors were measured 
as one of two types [similar to that of  (22)]: a) Errors within 
sequences (recall errors) were defined as those incorrect lever 
presses occurring after "entry" into a response chain (i.e., after 
the first correct response of  the chain) but before reinforcer 
delivery; and b) errors between sequences (acquisition errors) 
were defined as those errors occurring prior to the first correct 
response of  a required sequence. 

Statistical Analysis 

Only those monkeys exhibiting stable performance for the 
measure of PTC after saline vehicle (control) injections were 
included in the statistical analyses. Stable performance was 
defined as that having a standard error of less than 15% of  
the mean for saline (control) sessions. During the current 
study, all eight monkeys exhibited stable vehicle baselines for 
the IRA and CPR tasks, seven for the PR task, and six for 
the TRD and DMTS tasks. For an animal's data to be included 
in the TRD and CPR accuracy analyses, a minimum of  three 
trials must have been completed. For inclusion in the DMTS 
and IRA accuracy analyses, subjects must have completed a 
minimum of  10 trials. For each behavioral endpoint in each 
task, the overall effect of  drug treatment on performance was 
determined using a one-way repeated-measures analysis of  
variance (ANOVA). If overall significance was evident (p < 
0.05), then performance at each dose was compared to saline 
control performance using a Bonferroni correction (13). 

RESULTS 

Table 1 summarizes the results from the five OTB tasks. 
Control data (0.0 mg/kg) represent means for saline vehicle 
injection sessions. When compared to baseline (no injection) 
data, saline vehicle injections produced no statistically signifi- 
cant group effects on any of  the endpoints examined. In Table 
1, "overall" refers to combined data for all delays in the 
DMTS task and all levels in the IRA task. 

PTC 

Pentobarbital significantly decreased TRD PTC at doses 
_> 5.6 mg/kg while doses of  -> 10 mg/kg decreased the DMTS, 
PR, and IRA PTC. CPR PTC was significantly decreased 
only at 15 mg/kg.  

RR 

Pentobarbital significantly decreased RR in all tasks except 
the CPR task at doses _> 10 mg/kg. At  15 mg/kg,  RR in the 
CPR task was significantly decreased. 

Accuracy 

TRD accuracy was significantly decreased by >_ 5.6 mg/kg 
and IRA accuracy was decreased at ~ 10 mg/kg.  DMTS and 
CPR accuracies were significantly decreased only at the high- 
est dose of 15 mg/kg.  

Response Latencies 

Observing and choice response latencies in the CPR task 
were equisensitive to pentobarhital and significantly increased 



T
A

B
L

E
 

1 

T
as

k 
0.

0 
1.

0 

D
os

e 
of

 P
en

to
ba

rb
ita

l 
(m

g/
kg

) 

3.
0 

5.
6 

10
.0

 
15

.0
 

o 

D
el

ay
ed

 m
at

ch
in

g
 t

o
 s

am
p

le
 (

n 
=

 
6)

 
O

ve
ra

ll
 %

 t
as

k
 c

om
pl

et
ed

 
40

.7
6 

_+
 5

.5
1 

44
.1

6 
±

 
6.

61
 

42
.2

2 
±

 
6.

32
 

O
ve

ra
ll

 r
es

p
o

n
se

ra
te

 (
re

sp
/s

) 
0.

59
 

±
 

0.
13

 
0.

66
 

+
 

0.
12

 
0.

58
 

+
 

0.
14

 
O

bs
er

vi
ng

 r
es

p
o

n
se

 la
te

nc
ie

s 
(s

) 
3.

49
 

±
 

0.
72

 
2.

07
 

±
 

0.
39

 
2.

92
 

±
 

0.
87

 
C

ho
ic

e 
re

sp
o

n
se

la
te

n
ci

es
 (

s)
 

2.
04

 
±

 
0.

50
 

1.
44

 
±

 
0.

15
 

2.
05

 
±

 
0.

63
 

A
cc

ur
ac

y 
70

.7
1 

±
 

5.
63

 
70

.5
6 

±
 

4.
67

 
69

.8
6 

+
 

7.
87

 

C
o

n
d

it
io

n
ed

 p
o

si
ti

o
n

 r
es

p
o

n
d

in
g

 (
n 

=
 

8)
 

P
er

ce
nt

 t
as

k 
co

m
pl

et
ed

 
94

.2
0 

_+
 1

.7
4 

10
0.

00
 

±
 

0.
00

 
10

0.
00

 
±

 
0.

00
 

R
es

p
o

n
se

 r
at

e(
re

sp
/s

) 
1.

20
 

±
 

0.
12

 
1.

42
 

±
 

0.
15

 
1.

31
 

±
 

0.
16

 
O

bs
er

vi
ng

 r
es

p
o

n
se

 la
te

nc
ie

s 
(s

) 
2.

60
 

±
 

0.
47

 
1.

28
 

+
 

0.
19

 
1.

45
 

±
 

0.
24

 
C

ho
ic

e 
re

sp
o

n
se

 la
te

nc
ie

s 
(s

) 
0.

28
 

±
 

0.
03

 
0.

25
 

±
 

0.
03

 
0.

26
 

±
 

0.
03

 
A

cc
ur

ac
y 

95
.1

0 
±

 
1.

06
 

98
.7

8 
±

 
0.

51
 

96
.3

1 
+

 
1.

23
 

P
ro

gr
es

si
ve

 r
at

io
 (

n 
=

 
7)

 
P

er
ce

nt
 t

as
k 

C
o

m
p

le
te

d
 

18
.4

3 
±

 
1.

43
 

18
.3

3 
+

 
1.

76
 

16
.0

7 
±

 
1.

60
 

R
es

p
o

n
se

 r
at

e 
(r

es
p

/s
) 

2.
31

 
±

 
0.

35
 

2.
19

 
+

 
0.

41
 

1.
81

 
±

 
0.

34
 

B
re

ak
p

o
in

t 
10

5.
87

 
±

 
12

.6
3 

10
3.

17
 

±
 

13
.6

0 
93

.0
0 

+
 

12
.3

0 

T
em

p
o

ra
l 

re
sp

o
n

se
 d

if
fe

re
n

ti
at

io
n

 (
n 

=
 

6)
 

P
er

ce
nt

 t
as

k 
co

m
pl

et
ed

 
32

.7
2 

±
 

3.
91

 
27

.3
6 

±
 

7.
97

 
29

.4
4 

±
 

4.
43

 
R

es
p

o
n

se
 r

at
e(

re
sp

/s
) 

0.
14

 
±

 
0.

02
 

0.
11

 
±

 
0.

02
 

0.
15

 
±

 
0.

03
 

A
cc

ur
ac

y 
28

.6
1 

±
 

5.
53

 
27

.5
9 

±
 

7.
82

 
22

.4
4 

±
 

4.
51

 

D
u

ra
ti

o
n

 o
f 

le
ve

r 
h

o
ld

 (
se

co
nd

s)
 

5.
96

 
±

 
0.

84
 

6.
88

 
±

 
0.

85
 

5.
76

 
+

 
0.

82
 

In
cr

em
en

ta
l 

re
pe

at
ed

 a
cq

ui
si

ti
on

 (
n 

=
 

8)
 

O
ve

ra
ll

 %
 t

as
k 

co
m

pl
et

ed
 

65
.7

5 
±

 
6.

59
 

73
.6

5 
±

 
7.

61
 

64
.3

8 
±

 
8.

05
 

O
v

er
aU

re
sp

o
n

se
ra

te
(r

es
p

/s
) 

1.
24

 
±

 
0.

18
 

1.
48

 
+

 
0.

26
 

1.
15

 
±

 
0.

24
 

O
v

er
al

la
cc

u
ra

cy
 

60
.8

7 
+_

 4
.6

6 
63

.4
1 

±
 

5.
16

 
56

.2
5 

±
 

6.
36

 

34
.5

0 
±

 
10

.5
9 

0.
57

 
±

 
0.

17
 

12
.7

5 
+

 
10

.9
6 

1.
90

 
±

 
0.

61
 

62
.6

8 
±

 
7.

03
 

10
0.

00
 

+
 

0.
00

 
1.

22
 

±
 

0.
13

 
1.

52
 

±
 

0.
23

 
0.

28
 

±
 

0.
03

 
95

.8
8 

+
 

0.
96

 

19
.7

6 
+

 
3.

72
 

1.
61

 
±

 
0.

37
 

86
.0

0 
±

 
14

.2
4 

16
.5

3 
±

 
6.

22
* 

0.
15

 
±

 
0.

03
 

8.
96

 
+

 
3.

46
* 

2.
81

 
±

 
0.

68
* 

60
.6

3 
±

 
9.

05
 

0.
90

 
±

 
0.

19
 

54
.3

6 
±

 
6.

48
 

23
.0

6 
±

 
3.

33
* 

0.
24

 
±

 
0.

07
* 

25
.2

5 
±

 
18

.2
8 

11
.7

8 
±

 
9.

68
 

61
.8

5 
+

 
8.

30
 

93
.7

5 
+

 
4.

89
 

0.
94

 
_+

 0
.0

9 
2.

03
 

+
 

0.
37

 
0.

34
 

+
 

0.
04

 
92

.5
8 

+
 

1.
59

 

11
.1

1 
+

 
3.

41
" 

1.
00

 
+

 
0.

30
* 

58
.0

0 
+

 
14

.2
6"

 

0.
00

 
+

 
0.

00
" 

0.
06

 
±

 
0.

02
* 

0.
00

 
_+

 0
.0

0"
 

1.
03

 
+

 
0.

15
" 

46
.8

8 
±

 
7.

16
" 

0.
72

 
+

 
0.

14
" 

44
.2

7 
+

 
5.

99
* 

4.
44

 
+

 
0.

00
" 

0.
04

 
+

 
0.

03
* 

21
6.

19
 

+
 

7.
25

* 
3.

97
 

+
 

0.
87

 
57

.1
2 

---
 0

.0
0"

 

32
.5

0 
+

 
8.

83
* 

0.
32

 
+

 
0.

09
* 

79
.5

6 
+

 
48

.1
3"

 
1.

07
 

+
 

0.
46

* 
76

.7
0 

+
 

2.
42

* 

1.
79

 
+

 
0.

76
* 

0.
07

 
+

 
0.

05
* 

11
.0

0 
+

 
5.

50
* 

0.
00

 
_+

 0
.0

0"
 

0.
03

 
+

 
0.

01
" 

0.
00

 
+

 
0.

00
" 

1.
08

 
+_

 0
.3

0*
 

18
.0

2 
+

 
1.

95
" 

0.
16

 
+

 
0.

04
* 

25
.1

4 
+

 
4.

14
" 

*S
ig

ni
fi

ca
nt

 d
if

fe
re

nc
es

 f
ro

m
 s

al
in

e 
co

n
tr

o
ls

 a
s 

d
et

er
m

in
ed

 b
y

 F
is

h
er

's
 (

L
S

D
) 

t-
te

st
 (

p
 

<
 

0.
05

).
 



PENTOBARBITAL AND MONKEY OPERANT BEHAVIOR 111 

at 15 mg/kg.  Observing response latency in the DMTS task 
was increased at 15 mg/kg; however, choice response latency 
was not significantly affected by any dose. Because a latency 
of 300 s was assigned to subjects not responding (and there 
were several subjects that did not respond after 15 mg/kg), 
the mean observing response latencies and standard errors for 
both tasks were significantly increased at this dose. 

PR Breakpoint 

Breakpoint (the number of lever presses made for the last 
reinforcer) was significantly decreased at 10 and 15 mg/kg.  

Duration of  TRD Lever Hold 

Mean duration of  lever hold was decreased by pentobarbi- 
tal at _> 5.6 mg/kg.  Figures 1 and 2 show the effects of pento- 
barbital on the frequency of  lever holds that were less than 2 s 
in duration and those that were more than 2 s in duration. 
Lever holds less than 2 s (i.e., response bursts) are frequent in 
the TRD task and are best represented separately from those 
greater than 2 s. 

IRA Sequence Progression 

Performance of  the initial one-lever response component 
(IRA1) to criterion represents 16.7% task completed. Comple- 
tion of  the two- and three-lever sequence components (IRA2 
and IRA3) represents 33 and 50% task completed, respec- 
tively. Table 2 indicates the number of monkeys that com- 
pleted various IRA components and their accuracy and RR 
for each component. In general, low doses of pentobarbital 
did not significantly interfere with the completion of IRA1 or 
IRA2, and five monkeys were able to complete IRA4. 

IRA Errors 

Figures 3 and 4 indicate the effects of  pentobarbital on 
between- and within-sequence errors, respectively, in the IRA 
task at the two-lever sequence (IRA2). 

DISCUSSION 

The order of OTB task sensitivity to disruption by pento- 
barbital was TRD > IRA = DMTS = PR > CPR. As de- 
fined in previous studies, "sensitivity" refers to a significant 
alteration in any of  the three major aspects of  task perfor- 
mance (PTC, overall RR, and accuracy or breakpoint) at 
doses lower than those affecting performance of  the other 
tasks. Thus, behavior thought to model time perception 
(TRD) was more sensitive than behavior modeling learning 
(IRA), short-term memory and attention (DMTS), and moti- 
vation (PR). Color and position discrimination (CPR) was the 
least sensitive behavior. The order of OTB task sensitivity for 
pentobarbital differs from those of  chlorpromazine, atropine, 
physostigmine, phencyclidine, MK-801, d-amphetamine, mor- 
phine, A-9-tetrahydrocannabinol, marijuana smoke, and diaz- 
epam (2,18-21,28-32), further demonstrating that the OTB 
tasks are preferentially sensitive to compounds from different 
drug classes. In addition, the findings from the current study 
are consistent with those of previous studies of  acute pento- 
barbital administration and extend the profile of  pentobarbi- 
tal effects on complex cognitive behaviors. Finally, the effects 
of  pentobarbital on OTB performance differed from those of 
diazepam (32), particularly with respect to TRD endpoints. 
Thus, while the two compounds may have GABAergic similar- 
ities, their behavioral effects likely do not derive from such 
similarities. 

If restricted to the PTC endpoint, the order of OTB task 
sensitivity remained as noted above; however, if only overall 
RR is considered, there is a somewhat different order. With 
the exception of  CPR RR, overall RRs in the remaining four 
tasks were equally sensitive to disruption by pentobarbital. 
This similar sensitivity may indicate that the decrease in RR 
was due to sedative effects of pentobarbital, even though such 
effects might be expected to be present at the same dose in the 
CPR task. However, CPR endpoints have traditionally been 
less sensitive to disruption than those of  other tasks [one ex- 
ception was acute atropine administration; see (21)]. Baseline 

40 

Z 30 
u.l 

~ 2a 

10 2 .0 

o' ,¢~' I IIP -III  II   
,o.o I V  I IIIir 

,5.6 3 . 0  0 0 

Pffi" nVh~ ~.o 0 . 0  

FIG. 1. Effect of pentobarbital on mean duration of lever hold in the temporal response differentiation (TRD) 
task for holds less than 2 s in duration. Each sond is divided into 0. l-s intervals (i.e., the first bar represents the 
frequency of lever holds with a duration of 0.01-0.09 s). 
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FIG. 2. Effect of pentobarbital on mean duration of lever hold in the temporal response differentiation 
(TRD) task for holds more than 2 s in duration. Each second is divided into 0.2-s intervals (i.e., the first bar 
represents the frequency of lever holds with a duration of 2.01-2.19 s). 

RR did not appear to predict sensitivity to disruption because 
IRA and CPR RR were nearly identical under saline condi- 
tions. 

Several studies have reported that acute pentobarbital ad- 
ministration produces a nonmonotonic effect on RR in many 
operant paradigms: low doses increase and high doses de- 
crease RR. Such effects have been described using fixed- 
interval schedules (1,12,26), learning tasks (22), and matching- 
to-sample tasks (35,36). In the current study, there were 
indications of  similar rate increases at low doses, particularly 
for the DMTS, CPR, and IRA tasks, in which 1 mg/kg in- 
creased RR; however, these increases did not reach statistical 
significance. At higher doses of  pentobarbital,  RR decreased 
as has been previously observed. 

Prior drug exposure has been reported to interfere with 
pentobarbital-induced RR increases; specifically, Glowa and 
Barrett (4) reported that in monkeys administration of  mor- 
phine within 1 week of  subsequent pentobarbital treatment 
prevented the RR increase typically associated with pentobar- 
bital administration. Monkeys in the current study were also 
treated acutely with morphine as part of  a prior study (30). 
However, prior exposure to morphine seems an unlikely expla- 
nation for the failure to observe a significant RR increase at 
low doses of pentobarbital because a minimum of  3 months 
had elapsed between the last morphine treatment and the first 
pentobarbital treatment. Additionally, acute administration 
of  morphine in rats prior to pentobarbital administration did 
not prevent significant pentobarbital-induced increases in RR 
in an IRA task (22). 

For the DMTS and CPR tasks, there were two additional 
measures of  rate: latencies to make observing and choice re- 
sponses. Observing response latencies in both tasks were unaf- 
fected by pentobarbital at doses _< 10 mg/kg.  Even at the 
highest dose, observing response latencies in both tasks were 
relatively unaffected for those monkeys that emitted observing 
responses. Thus, initiation of  trials (i.e., emitting an observing 
response) was relatively insensitive to pentobarbital. Similarly, 

in the DMTS task, the completion of a trial, signaled by a 
choice response, was not significantly altered by pentobarbi- 
tal. In the CPR task, however, choice response latency was 
more sensitive to pentobarbital than either CPR observing 
response latency or choice response latency in the DMTS task. 
CPR choice response latency was nearly doubled for those 
monkeys that responded after the highest dose. Thus, while 
CPR endpoints have generally not been as sensitive to disrup- 
tion by drugs as have endpoints in the other tasks, choice 
response latency was more sensitive here than was its DMTS 
counterpart. 

The order of OTB task sensitivity to pentobarbital more 
clearly differentiated between tasks if compared solely with 
respect to accuracy: TRD > IRA > DMTS = CPR (the PR 
task does not have an accuracy measure). Accuracy in the 
TRD task was by far the most sensitive OTB measure, decreas- 
ing to approximately 30% of control values at 5.6 mg/kg,  
while IRA, DMTS, and CPR accuracies were significantly 
decreased to 70-80% of control values only at higher doses. 
In general, the TRD task appears to be the most "difficult" of 
the OTB tasks because baseline accuracy is low relative to that 
for DMTS, IRA, and CPR. Further, it is generally the most 
sensitive OTB task to disruption by psychotropic compounds 
(2,20,29,32). 

Performance in the TRD task is thought to depend upon 
the function of time perception and accuracy is directly related 
to duration of  lever hold. In humans, time perception has 
been shown to be significantly affected by barbiturates (5). 
Subjects were instructed to indicate whether the amount of  
time between two tones was less or more than 1 s. Those 
subjects treated with secobarbital underestimated the length 
of 1 s, a finding consistent with the subjective effect of "time 
flying." Those results are intriguing in light of the TRD results 
in the current study because it could be postulated that a 
similar pentobarbital-induced "time flying" effect was appar- 
ent. The mean duration of lever hold decreased from 6 s under 
control conditions to less than 3 s at 5.6 mg/kg pentobarbital, 
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FIG. 3. Effect of pentobarbital on between-sequence errors in the 
incremental repeated acquisition (IRA) task at the two-lever response 
component (IRA2). The shaded area represents the 95% confidence 
interval constructed from vehicle control sessions. 

indicating underestimation of  the necessary duration of  lever 
hold. At  higher doses, lever hold duration continued to de- 
crease. 

IRA task accuracy was not as sensitive to pentobarbital as 
was TRD task accuracy. Although not statistically significant, 
low doses of pentobarbital appeared to increase accuracy, par- 
ticularly evident at IRA5 (see Table 2). A similar effect was 
observed in rats in which a low dose of  pentobarbital (1 mg/  
kg) increased accuracy at IRA2 (22). In the current study, 
higher doses slowed response rates such that most monkeys 
never progressed to higher IRA components. 

Accuracies in the DMTS and CPR tasks were much less 
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FIG. 4. Effect of pentobarbital on within-sequence errors in the in- 
cremental repeated acquisition (IRA) task at the two-lever response 
component (IRA2). The shaded area represents the 95% confidence 
interval constructed from vehicle control sessions. 

sensitive to the effects of  pentobarbital than was accuracy in 
the other tasks. Other studies have also reported that DMTS 
accuracy in monkeys is relatively insensitive to pentobarbital 
(3,15). In addition, the magnitude of the maximum decrement 
caused by the highest dose of pentobarbital was much less 
than that for other endpoints within the DMTS and CPR 
tasks. 

It is possible to compare and contrast the effects of acute 
pentobarbital and diazepam administration on OTB perfor- 
mance. Although not every endpoint described/here was re- 
ported for acute diazepam treatment (32), there were still 
sufficient data available to distinguish between the two com- 
pounds on the five OTB tasks. For example, overall RR for 
the PR, TRD, and IRA tasks were distinctive for pentobarbi- 
tal and diazepam administration. Diazepam decreased re- 
sponse rate in the IRA task at doses that did not significantly 
alter PR or TRD response rates (32), whereas IRA, PR, and 
TRD response rates were equisensitive to pentobarbital. 

Diazepam, like pentobarbital, produced no statistically sig- 
nificant effects on observing response latencies in the DMTS 
or CPR tasks (32). Acute diazepam administration increased 
observing response latency in some monkeys, leading to in- 
creased group variability in that measure, whereas pentobarbi- 
tai abolished observing responses in some monkeys, resulting 
in a similar effect. Choice response latencies in the DMTS and 
CPR tasks were not reported in the diazepam study and thus 
a comparison with pentobarbital is not possible at this time. 

TRD accuracy proved to be the most sensitive overall OTB 
measure in the current study and in the previous diazepam 
study (32). However, the drug-induced accuracy decrements 
were associated with entirely different response patterns. The 
TRD accuracy decrease at 5.6 mg/kg pentobarbital was asso- 
ciated with a decrease in the average duration of  lever hold. 
Neither overall number of  responses nor RR were significantly 
altered at this dose. Thus, monkeys responded as frequently 
as under control conditions but released the lever too early. 
The diazepam-induced decrement was associated with an in- 
crease in lever holds of  less than I s in duration that resulted 
in reduced accuracy. Thus, drug effects on lever hold duration 
were particularly distinct for the two compounds. 

Acute diazepam administration resulted in accuracy decre- 
ments in the IRA task with no indication of  a facilitative 
effect at any dose (32). Similar to pentobarbital,  between- and 
within-sequence errors in the two-lever sequence (IRA2) were 
not differentially affected by diazepam (unpublished data). 

In the current study, DMTS and CPR accuracies were 
equally insensitive to pentobarbital whereas DMTS, but not 
CPR, accuracy was differentially decreased by diazepam (32). 
Pentobarbital did not preferentially alter DMTS accuracy at 
any specific delay interval and there was no dose that de- 
creased accuracy at all delays. Conversely, diazepam at 2 mg/  
kg decreased DMTS accuracy at all delays. 

Because both pentobarbital and diazepam are GABAergic 
compounds, previous studies have specifically contrasted their 
behavioral effects. In humans, diazepam administration has 
been reported to decrease social interactions and increase hos- 
tility ratings whereas pentobarbital administration had no 
such effects (6). Where behavioral similarities do exist between 
pentobarbital and diazepam, administration of certain phar- 
macological compounds can reveal subtle differences. For ex- 
ample, Risner and Shannon (26) reported that pentobarbital 
and diazepam produced similar effects on performance in 
fixed-interval and fixed-ratio schedules. However, the behav- 
ioral effects of diazepam were antagonized by CGS 8216, a 
benzodiazepine antagonist, while those produced by pentobar- 
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bital were not. Pentobarbital and diazepam administration 
resulted in similar effects in rats trained to make a choice 
response in the presence or absence of  brain stimulation (27). 
The partial inverse benzodiazepine agonist RO 15-4513 re- 
versed the effects of  diazepam but not those of  pentobarbital. 

The differences produced by such compounds may be re- 
lated to the differences they produce on chloride channel ki- 
netics. Diazepam has been reported to increase and pentobar- 
bital to decrease the frequency of  channel openings and 
pentobarbital increased average open-channel lifetime while 
diazepam had few effects (33). 

In summary, acute pentobarbital treatment in rhesus mon- 
keys produced a unique profile of  effects in operant tasks 
thought to depend upon brain functions associated with time 
perception, learning, short-term memory and attention, moti- 
vation, and color and position discrimination (TRD > IRA 
= DMTS = PR > CPR). This profile was significantly dif- 
ferent from that noted after diazepam administration and the 

two compounds were easily differentiated based upon their 
effects on duration of  lever hold and response rate in the time 
perception task and accuracy in the short-term memory and 
attention task. Multiple comparisons of  the acute effects of  
drugs on several behaviors within the same subjects, available 
only when using instruments such as the OTB, allow assess- 
ment of  drug sensitivities across and within different tasks 
that are thought to represent different brain functions and 
thus, allow a relatively comprehensive description of  their be- 
havioral effects. 

ACKNOWLEDGEMENTS 

S.A.F. was supported through an appointment to the Oak Ridge 
Associated Universities Postgraduate Research Program. The authors 
thank Richard Allen, Eric Allen, and Michael Gillam for excellent 
technical support and John Bailey and the animal care personnel at 
the NCTR for taking excellent care of the monkeys. 

REFERENCES 

1. Dews, P. B. Studies on behavior. I. Differential sensitivity to 
pentobarbital of pecking performance in pigeons depending on 
the schedule of reward. J. Pharmacol. Exp. Ther. 113:393-401; 
1955. 

2. Ferguson, S. A.; Paul¢, M. G. Acute effects of chlorpromazine in 
a monkey operant behavioral test battery. Pharmacol. Biochem. 
Behav. 42:333-341; 1992. 

3. Glick, S. D.; Goldfarb, T. L.; RobusteUi, F.; Geller, A.; Jarvik, 
M. E. Impairment of delayed matching in monkeys by chlor- 
promazine and pentobarbital. Psychopharmacologia 15:125-133; 
1969. 

4. Glowa, J. R.; Barrett, J. E. Drug history modifies the behavioral 
effects of pentobarbital. Science 220:333-335; 1983. 

5. Goldstone, S.; Boardman, W. K.; Lhamon, W. T. Effect of 
quinai barbitone, dextro-amphetamine, and placebo on apparent 
time. Br. J. Psychol. 49:324-328; 1958. 

6. Griffiths, R. R.; Bigelow, G. E.; Stitzer, M. L.; McLeod, D. 
R. Behavioral effects of drugs of abuse. In: Zbinden, G., ed. 
Application of behavioral pharmacology in toxicology. New 
York: Raven Press; 1983:367-382. 

7. Hammond, E. O.; Torok, M. L.; Ettenberg, A. Different pat- 
terns of behavior produced by haloperidol, pentobarbital, and 
dantrolene in tests of unconditioned locomotion and operant re- 
sponding. Psychopharmacology (Berl.) 104:150-156; 1991. 

8. Ho, I. K.; Harris, R. A. Mechanism of action of barbiturates. 
Annu. Rev. Pharmacol. Toxicol. 21:83-111; 1981. 

9. Katz, J. L. Effects of drugs on stimulus control of behavior. 
III. Analysis of effects of pentobarbital and d-amphetamine. J. 
Pharmacol. Exp. Ther. 246:76-83; 1988. 

10. Kornetsky, C.; Bain, G. The effects of chlorpromazine and pen- 
tobarbital on sustained attention in the rat. Psychopharmacologia 
8:277-284; 1965. 

11. Leander, J. D.; McMillan, D. E. Rate-dependent effects of drugs. 
I. Comparisons of d-amphetamine, pentobarbital and chlorprom- 
azine on multiple and mixed schedules. J. Pharmacol. Exp. Thee 
188:726-739; 1974. 

12. Mele, P. C.; Bushnell, P. J.; Bowman, R. E. Prolonged behav- 
ioral effects of early postnatal lead exposure in rhesus monkeys: 
Fixed-interval responding and interactions with scopolamine and 
pentobarbital. Neurobehav. Toxicol. Teratol. 6:129-135; 1984. 

13. Miller, R. G. Simultaneous statistical inference. New York: Mc- 
Graw-Hill; 1966:66-70. 

14. National Household Survey on Drug Abuse: Main Findings 1988. 
DHHS Publication No. 90-1682. Bethesda, MD: National In- 
stitute on Drug Abuse, U.S. Department of Health and Human 
Services; 1988. 

15. Nicholson, A. N.; Wright, C. M.; Ferres, H. M. Impaired perfor- 

mance on delayed matching in monkeys by heptabarbitone, pen- 
tobarbitone sodium and quinalbarbitone sodium. Neuropharma- 
cology 12:311-317; 1973. 

16. Olsen, R. W.; Yang, J.; King, R. G.; Dilbcr, A.; Stauber, G. B.; 
Ransom, R. W. Barbiturate and benzodiazepine modulation of 
GABA receptor binding and function. Life Sci. 39:1969-1976; 1986. 

17. Paule, M. G. Use of the NCTR operant test battery in nonhuman 
primates. Neurotoxicol. Teratoi. 12:413-418; 1990. 

18. Paule, M. G.; Allen, R. R.; Gillam, M. P. The effects of phency- 
clidine (PCP) on rhesus monkey performance in an operant test 
battery (OTB). Psychopharmacology (Bed). 101 :$42; 1990. 

19. Paule, M. G.; Buffalo, E. A.; Gillam, M. P.; Allen, R. R. Acute 
behavioral toxicity of MK-801 in rhesus monkeys. Toxicologist 
12(1):273; 1992. 

20. Paule, M. G.; Gillam, M. P. Effects of physostigmine on rhesus 
monkey performance in an operant test battery (OTB). Toxicolo- 
gist 11:164; 1991. 

21. Paule, M. G.; Gillam, M. P. The effects of atropine on operant 
test battery (OTB) performance in the rhesus monkey. Soc. Neu- 
rosci. Abstr. 15:735; 1989. 

22. Paule, M. G.; McMillan, D. E. Incremental repeated acquisition 
in the rat: Acute effects of drugs. Pharmacol. Biochem. Behav. 
21:431-439; 1984. 

23. Paule, M. G.; Schulze, G. E.; Slikker, W., Jr. Complex brain 
function in monkeys as a baseline for studying the effects of 
exogenous compounds. Neurotoxicology 9:463-470; 1988. 

24. Rail, T. W. Hypnotics and sedatives: Ethanol. In: Gilman, A. 
G.; Rail, T. W.; Nies, A. S.; Taylor, P., eds. The pharmacologi- 
cal basis of therapeutics. 8th ed. New York: Pergamon Press; 
1990:345-382. 

25. Richter, J. A.; Holtman, J. R., Jr. Barbiturates: Their in vivo 
effects and potential biochemical mechanisms. Prog. Neurobiol. 
18:275-319; 1982. 

26. Risner, M. E.; Shannon, H. E. Behavioral effects of CGS 8215 
alone, and in combination with diazepam and pentobarbitai in 
dogs. Pharmacol. Biochem. Behav. 24:1071-1076; 1986. 

27. Schaefer, G. J.; Michael, R. P. Interactions of diazepam and 
pentobarbitai with RO 15-4513 on intracraniai self-stimulation 
discrimination behavior in rats. Pharmacol. Biochem. Behav. 34: 
23-27; 1989. 

28. Schulze, G. E.; McMillan, D. E.; Bailey, J. R.; Scallet, A. C.; 
All, S. F.; Slikker, W., Jr.; Paule, M. G. Acute effects of mari- 
juana smoke on complex operant behavior in rhesus monkeys. 
Life Sci. 45:465--475; 1989. 

29. Schulze, G. E.; McMillan, D. E.; Bailey, J. R.; Scalier, A. C.; 
Ali, S. F.; Siikker, W., Jr.; Paule, M. G. Acute effects of A-9- 
tetrahydrocannabinol in rhesus monkeys as measured by perfor- 



116 F E R G U S O N  A N D  P A U L E  

mance in a battery of complex operant tests. J. Pharmacol. Exp. 
Ther. 245:178-186; 1988. 

30. Schulze, G. E.; Paule, M. G. Effects of morphine sulfate on 
operant behavior in rhesus monkeys. Pharmacol. Biochem. Be- 
hay. 38:77-83; 1991. 

31. Schulze, G. E.; Paule, M. G. Acute effects of d-amphetamine in 
a monkey operant behavioral test battery. Pharmacol. Biochem. 
Behav. 35:759-765; 1990. 

32. Schulze, G. E.; Slikker, W., Jr.; Paule, M. G. Multiple behav- 
ioral effects of diazepam in rhesus monkeys. Pharmacol. Bio- 
chem. Behav. 34:29-35; 1989. 

33. Study, R. E.; Barker, J. L. Diazepam and (-)pentobarbital: 

Fluctuation analysis reveals different mechanisms for potentia- 
tion of-y-aminobutyric acid responses in cultured central neurons. 
Proc. Natl. Acad. Sci. USA 78:7180-7184; 1981. 

34. Ticku, M. K.; Olsen, R. W. Interaction of barbiturates with dihy- 
dropicrotoxinin binding sites related to the GABA receptor-iono- 
phore system. Life Sei. 22:1643-1652; 1978. 

35. Wenger, G. R.; Kimball, K. A. Titrating matching-to-sample per- 
formance: Effects of drugs of abuse and intertrial interval. Phar- 
macol. Biochem. Behav. 41:283-288; 1992. 

36. Wenger, G. R.; Wright, D. W. Disruption of performance under 
a titrating matching-to-sample schedule of reinforcement by drugs 
of abuse. J. Pharmacol. Exp. Ther. 254:258-269; 1990. 


