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Effect of Electroanesthesia on Timing Behavior 
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DIFFUSE electrical currents passed 
through the brain as a means of pro

ducing unconsciousness are now being de
veloped.1 Availability of these methods of 
generating electroanesthesia (EA) requires 
an evaluation of their effects on the brain.2 ,3 

One of the basic questions concerns the ef
fect of EA application on brain functions 
related to learning and memory. 

In order for EA to gain approval as a gen
erally applicable anesthetic method,· possible 
disruptive influences must be investigated. 
The present study was designed to examine 
the consequences of repeated applications 
of EA current on time estimation learning 
in squirrel monkeys. This learning task was 
selected because it has been demonstrated 
to be representative of higher nervous func
tioning, and to be sensitive to disrupting 
effects. 4 , 5 

METHODS 
Twelve adult squirrel monkeys, Saimiri 

sciureus, were trained, in two stages, to ob
tain food reinforcement by pressing a lever 
in an operant conditioning chamber.- During 
stage I, all animals were deprived of solid 
food for 20 hours prior to each testing ses
sion, and each lever press produced a 190 
mg. pellet of banana-flavored balanced mon
key diet. A daily session ended when the 
animal received 30 pellets, and after 7 to 
10 days, all animals demonstrated efficient 
performance _under these conditions. 

After stage I was completed,, the critical 
timing problem was introduced. The timing 
task was a 60-second fixed interval (FI-60) 
schedule of reinforcement. 0 This technic in
volved programming · operant conditioning 
equipment so that a lever-press by the 
monkey delivered one food pellet only after 
a 60-second interval had elapsed. The first 
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response after, the 60-second time period 
produced the reinforcement and initiated 
the next timing cycle. All bar-presses within 
the fixed interval went unreinforced. Each 
animal was maintained on this schedule for 
30 trials a day for 12 days. All responses 
and reinforcements were automatically re
corded on punched paper tape and on ink 
cumulative recorders. 

Prior to the first timing session of stage 
II, each subject was assigned to one of three 
groups. Immediately following each daily 
session of trials, group I (seven animals) 
received 30 minutes of EA at levels suffi
cient for surgical intervention. Group II 
(two animals) received 14 mg./kg. of body 
weight of a 60 mg./ml. solution of pento
barbital sodium. This dosage produced an 
unresponsiveness to peripheral stimulation 
for approximately 30 minutes. Group III 
(three animals) served as an untreated 
control. 

The instrument used to produce the EA 
has been used in earlier studies2 ,3 and is 
basically a current generator capable of pro
ducing repetitive electrical pulses. Electri
cal anesthesia consisted of 70 cps rectangu
lar pulses, 3 msec. in duration, with an 
average rectangular value of 2.5 ma. in con
junction with a direct current bias of 2.5 
ma. The current was applied to saline-soaked 
cotton sponge electrodes placed at the inion 
and nasion (nasion negative.) No apnea, 
convulsions, or side effects were observed. 

RESULTS 
The stage I training procedure produced 

similar lever-pressing responses in all ani
mals. In order to assure that animals in 
each group were equated at the beginning 
of stage II, the responses made by the three 

groups on the first day of exposure to the 
fixed interval problem were compared. A 
chi-square value of 20.6, with 16 degrees of 
freedom, is nonsignificant and indicates that 
the three groups were indeed equated at the 
start of stage II. Figure 1 portrays typical 
response patterning on the last training day 
of stage I (all responses reinforced), the 
first day of the fixed interval scheduling, and 
the final day of the fixed interval scheduling. 

Responses on the last training day were 
regular and prompt. Early in the learning 
of fixed interval timing, responses were er
ratic, with a tendency for lever presses to 
appear in bursts. Furthermore, many re
sponses closely followed a reinforcement. 
Later, the pattern of responding underwent 
alteration, so that responses tended to drop 
out immediately following the reinforce
ment. Then, as the end of the 60-second in
terval approached, responses occurred closer 
and closer together, generating an acceler
ated lever pressing rate until the pellet was 
produced. 

Thus, the character of the responding 
during the nonreinforced portions of the 
timing interval became progressively differ
ent as the task became more efficiently 
solved. Furthermore, there was little change 
in the number of responses produced during 
each testing session for the subjects. There
fore, the response output changed character 
only with respect to the distribution of the 
responses between reinforcing (food pellet 
producing) events. 

To determine progress of learning, the re
sponse rates obtained in the fixed interval 
schedules were analyzed. 7 The data for 
each animal's daily session were· recorded 
on punched tape and read photoelectrically 
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FIG. 1. Cumulative response records for a rubje;:;t during the pretraining a11-d learning phases of the 
experiment. 

by an analysis instrument. Responses were 
accumulated on eight consecutive IO-second 
time interval counters. A ninth counter pro
vided a category for all responses appearing 
more than 20 seconds from the. point of 
possible reinforcement. The results of this 
analysis can be plotted as a frequency h1sto-

gram which represents the temporal re7 
spouse patterning (fig. 2). 

The average values on the second, sixth, . 
and final days are represented for each of 
the groups. Day 11 for the control group is 
presented instead of day 12 because of an 
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Fm. 3. Latency of the first response after rein
forcement for davs 2, 6, and 12. 

apparatus failure involving two of the ani
mals from this group on the final day. These 
records make it apparent that the progres
sive changes in behavior were similar for the 
groups. 

As already noted, a characteristic of the 
schedule involved (FI-60), is that a pause 
after reinforcement should emerge. Figure 3 
presents latencies of the first bar-press re
sponse after reinforcement, demonstrating 
that a pause after reinforcement developed 
in each of the three groups of animals. In 
fact, the greatest improvement was indicated 
by the EA group as contrasted to the un
treated control and pentobarbital groups. 

Groups were compared on the final day 
by analysis of variance. There was a sig
nificant difference in the level of overall 
activity of the groups (F = 6.26, df = 2/9, 
p = 0.05). A significant difference among 
10-second response categories was also pres
ent (F = 16.8, df = 8/72, p = 0.01). In 
addition, the response distributions were 
significantly different (F = 5.18, df = 16/72, 
p = 0.01). 

Since there was an overall difference in 
activity, separate comparisons of the groups 
were made by means of t-tests. Comparison 
of the EA and pentobarbital group responses 
produced a t = 0.41, df = 9, which is non-

significant. However, a significant difference 
was revealed by a comparison of the ·un
treated control versus EA groups; t = 3.62, 
df = 9, significant at the 0.02 level, indi
cating a higher i:esponse output by the un
treated controls when compared to both an
esthesia groups. 

Subsequently, the average rate of response 
in categories 1 to 3 ( 0 to 30 seconds) was 
compared to the response rate in categories 
5 to 7 (50 to 80 seconds) for the different 
groups. These values (fig. 4) essentially 
represent a comparison of behavior during 
intervals where reinforcement never occurs, 
and intervals immediately preceding or in
cluding reinforcement. There was a signif
icantly greater change in response rate be
tween these periods for the EA group com
pared to the untreated control ( t = 3.59, 
df = 9, p = 0.01) and for the pentobarbital 
versus untreated control (t = 3.69, p = 
0.01), whereas there was no difference when 
the EA was compared to the pentobarbital 
group (t = 0.40, p = 0.70). 

As noted previously, the response histo
grams were significantly different among the 
groups. Since this measure is biased by the 
differences in activity levels of the groups 
involved, another method of evaluation was 
necessary to demonstrate directly that the 
groups had· earned equally well. This was 
accomplished by evaluating the efficiency 
of performance among the groups. This in
dex of behavior efficiency was obtained by 
determining the ratio of responses between 
the early (categories 1 to 3) and late (cate
gories 5 to 7) stages of the timing interval. 
Untreated control animals had 2.4 times as 
many responses in categories 5 to 7 as in 1 
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to 3; for the EA group this value was 2.2, 
while the pentobarbital group value was 2.5, 
indicating no critical differences in efficiency. 

DISCUSSION 
The response patterning throughout the 

sessions was similar for all groups and was 
essentially the same as in the example pre
sented in figure 1. Progress in the solution 
of the problem was indicated by a develop
ing change in behavior produced by the time 
factor. That is, the animals' responses came 
under the influence of the temporal contin
gency of the reinforcement. This effect ac
counted for the changes in contours of the 
histograms from the beginning to the end 
of the experiment for each of the groups. 

Although there was a significant differ
ence in overall activity level between anes
thetized and unanesthetized animals, the 
histograms are similar in patterning for all 
gro.ups. This indicates that progressive 
changes in behavior are similar for each 
group. Furthermore, the significant diff~r
ence among 10-second response categories 
indicates that all groups have a difference 
in response production when early and later 
response categories are compared on the final 
day. 

Thus timing is being learned by both an
estheti;ed and nonanesthetized groups. This 
is supported by the latency of response data 
which indicate that all the groups learned 
not to respond immediately after a pellet 
was delivered. The learning efficiency meas
ure, as expressed in response ratios, furt_her 
points to the similarities in the timing be
havior of all groups. 

In addition, this experiment has some 
bearing on the effects of repeated doses of 
EA on behavior. The term of exposure t~ 
EA was 11 to 12 days, with a dose duration 
of 30 minutes/day, producing a total of be
tween 5.5 and 6 hours of EA. As the results 
indicate, there is no apparent retardation 
or breakdown in learning this type of timing 
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behavior under the forms of anesthesia 
applied. 

SUMMARY 
This study investigated the behavioral 

effects of electroanesthesia on the acquisi
tion of a timing task in squirrel monkeys. 
Three groups of animals were trained to ob
tain food by pressing a lever which con
trolled food delivery. Following this training, 
each group was introduced to the timing 
task in which food delivery was possible 
only after a fixed minimal interval of 60 
seconds. After 30 trials per day for 12 days, 
one group received 30 minutes of EA, ~n
other received an injection of pentobarb1tal 
sodium sufficient to produce about 30 min
utes of unresponsiveness, while the third 
group served as an untreated control. At the 
end of 12 days the results indicated that the 
timing behavior was not affected in the mon
keys given EA. 
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