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Fig. 2. Recovery amplitude curve for 
second of two paired clicks compared with 
control amplitude of single clicks. Broken 
line, with barbiturate (Nembutal); solid 
line, without barbiturate (awake). Each 
point is based on the peak amplitude of 
the average of 50 responses. 

then injected with barbiturate (10), 
and a control was recorded which con- 
sisted of 50 responses averaged to stim- 
uli given at the rate of 1 per 10 sec- 
onds. Each animal was then stimulated 
for 30 minutes at the rate of 1 per 
second, and 50 responses were aver- 

aged every 5 minutes. 
The results showed a significant dif- 

ference (t = 8.37, P < .01) between 
the unanesthetized (Fig. ID) and the 

injected controls (Fig. 1E). This dif- 
ference in amplitude and waveform 
was similar to that produced in the 
first experiment. This indicates that 

changes due to barbiturates can be 
obtained without intervening repetitive 
stimulation at rates known to produce 
habituation. There were also significant 
amplitude decrements (shown by the 
test of trend) during a 30-minute stim- 
ulation at 1 per second in animals given 
barbiturate (Fig. 1F). 

All animals showed amplitude and 
waveform changes caused by barbitu- 
rates, but three animals showed marked 
waveform changes exhibiting cyclic 
spindling or reverberatory activity. This 
waveform consisted of gradually declin- 
ing rhythmic activity with a period of 

approximately 100 msec. To determine 
the nature of this cyclic activity, the 
three animals were tested in a paired- 
click experiment (12), in which func- 
tions of recovery amplitude for the 
second of two paired clicks were deter- 
mined both with and without barbitu- 
rate. To achieve this, 50 paired re- 
sponses were averaged on the computer 
for each of a range of intervals between 
the two clicks. There are marked differ- 
ences between recovery curves for anes- 
thetized and unanesthetized animals 
(Fig. 2). The recovery curve obtained 
for the injected animal shows an initial 
depression in recovery followed by a 
facilitation, then another depression in 
recovery followed by a facilitation. 
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The evoked potential to the second 

of a pair of clicks can be facilitated 

or depressed according to where in 

the phase of the activity induced by 
the first click the response to the 

second click arrives. The cyclic ac- 

tivity consists of alternate peaks of 

excitation and inhibition. Similar find- 

ings have been reported in the ventro- 

basal complex and the medial genicu- 
late (13). 

Recovery in the medial geniculate of 

unanesthetized animals is relatively 
slow (Fig. 2). Complete recovery from 
the effects of the first click often takes 
several seconds, a finding similar tol that 

reported for the auditory cortex (14). 
Taken in conjunction with the evidence 
for a rate effect with repetitive stimula- 
tion (1-3) these data are in keeping with 
the proposition that auditory habitua- 
tion is based on long-term synaptic in- 
hibition. In fact, so called habituation 
decrements in the auditory pathway 
might be better interpreted as being 
due to a refractory process based on 
inhibition intrinsic to the particular 
auditory area. 

In the medial geniculate this inhibi- 
tion may be based on recurrent post- 
synaptic inhibition because a similar 
mechanism has been put forward to 

explain both barbiturate spindling in 
the ventrobasal complex (15) and de- 

pression of recovery in the lateral 

geniculate (16). It could also be argued 
that all these effects are due to tonic 

inhibitory activity arising in the reticu- 
lar formation (17), and that barbitu- 
rates merely block this inhibition. This 

interpretation is unlikely because there 
is evidence (13, 18) that barbiturate 

spindling occurs in the isolated thala- 
mus when all connections with the 
reticular formation have been severed, 
and amplitude decrements occur under 
barbiturates (Fig. 1F). 

Changes in medial geniculate evoked 

potentials produced by barbiturates 
cannot be interpreted as abolishing 
habituation (4) or preventing habitua- 
tion (5), because similar changes occur 
without repetitive stimulation. Further- 
more, habituation of medial geniculate 
evoked potentials might be produced by 
inhibition intrinsic to this area (possi- 
bly recurrent postsynaptic inhibition). 
This interpretation would indicate that 
the decrements are more akin to a re- 
fractory phenomenon than to a true 
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and the Rapid Decline 
of Frustrative Nonreward 

Abstract. Animals deprived of re- 
ward for a task previously rewarded 
behave differently, depending on 
whether the reward is food or positive 
brain stimulation. Unlike the relatively 
stable frustration effects obtained with 
conventional reward, frustration pro- 
duced by withholding brain stimulation 
dissipates rapidly with time. 

Behavior reinforced with conven- 
tional rewards has been compared with 
that obtained by intracranial self-stim- 
ulation (ICS) (1). When behavior is 
controlled by central stimulation it has 
often been reported (2) that perform- 
ance is impaired on simple learning 
tasks involving schedules of reinforce- 
ment and rates of extinction. How- 
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ulation (ICS) (1). When behavior is 
controlled by central stimulation it has 
often been reported (2) that perform- 
ance is impaired on simple learning 
tasks involving schedules of reinforce- 
ment and rates of extinction. How- 
ever, some investigators (3) have 
found that some of the differences 
seem to disappear when procedural de- 
tails are more closely controlled in 
order to make the comparisons more 
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meaningful. Other differences, such as 
sharp performance decrements with 
ICS after short time intervals (4), are 
not typical of conventional learning 
and remain to be explained. 

Our experiment is designed to test 
the generality of time-based perform- 
ance decrements with ICS with the use 
of the conventional frustration para- 
digm (5) not yet tested with brain 
stimulation. Amsel and Roussel trained 
rats to traverse two runways in succes- 
sion with food reward in goal boxes at 
the end of each section. After a history 
of reinforcement in both goal boxes, 
the animals were then deprived of re- 
ward in the first goal box on selected 
test trials. After this "frustration," sub- 

jects ran significantly faster in the sec- 
ond runway. This energizing of be- 
havior that follows nonreward was 
termed the frustration effect (FE), and 
it was further hypothesized that the 
magnitude of the FE would be a func- 
tion 'of confinement time without re- 
ward in goal box No. 1. A test of this 

hypothesis, however, led them to con- 
clude that confinement times of 5 to 
30 seconds produced consistent and 
stable FE's. If rewarding brain stimu- 
lation is the "same" as conventional 
reward, it would be expected that simi- 
lar FE's would be obtained with ICS. 
If the rewarding effects of ICS dissi- 

pate rapidly with time, the FE's should 
decrease as confinement time increases. 

Six male albino rats (Charles River 
strain) were implanted with bipolar 
electrodes (0.356 mm in diameter) 
aimed at 'the lateral hypothalamus. 
After the experiment, staining of brain 
sections with cresyl violet confirmed 
the placements. The apparatus was a 
modified double runway 2.44 m in 
length with a goal box enclosed at the 
middle and at the end. A fixed lever 
in each goal box could be pushed five 
times on each trial with every response 
resulting in 0.3 second of sine wave 
stimulation of about 185 iua. Running 
time to goal box No. 2 was measured 
over 0.76 m in the second runway by 
timers triggered by photoelectric cells. 
In pretraining, rats learned to press a 
lever for ICS in an apparatus outside 
the runways, and a current 'level was 
established which would maximize the 
reinforcement value. The procedures 
of Amsel and Roussel were followed as 
closely as possible in training animals 
to run to each goal box for ICS. 

Subjects were used as their own con- 
trols in order to minimize possible dif- 
ferences due to electrode sites. Each 
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Fig. 1. Mean running time to goal box 
No. 2 as a function of confinement time in 
goal box No. 1. A positive frustration effect 
(FE) indicates that subjects ran faster to 
goal box No. 2 after nonreinforcement in 
goal box No. 1 than after reinforcenment. 
(a) fed freely; (b) hungry. 

rat was tested in six sessions, one for 
each combination of motivational state 

(20 to 23 hours hungry and fed) and 
confinement period (5, 15, and 25 sec- 

onds). All combinations of conditions 
were balanced across days and rats to 
control for possible sequencing effects. 
In each session, stable running speed 
in runway 2 was first obtained after 
about 50 trials in which ICS was de- 
livered for bar pressing in both goal 
boxes, The criterion was five succes- 
sive trials -in which running time 
did not vary more than ? 0.03 sec- 
ond. Then 18 experimental trials were 
run including nine control trials and 
nine randomly presented test trials 

(frustration trials) in which ICS was 
not delivered after lever pressing in 
goal box No. 1. Running times to goal 
box No. 2 for the nine test trials and 
nine icontrol trials were compared for 
each of the six conditions. The inter- 
trial interval was 45 seconds, and each 
rat was given five noncontingent pulses 
of ICS in the start box at the beginning 
of each trial to control for possible 
aftereffects of the previous trial (ten 
reinforcements on control trials and 
only five on test trials). 

The magnitude of the FE is a func- 
tion of confinement time in goal box 
No. 1 (Fig. 1). With the running time 
during the nine unrewarded control 
trials for each animal used as a refer- 

ence (0.0 FE), it can be seen that when 
subjects were hungry and confined for 
5 seconds they ran faster to the second 
goal box. This positive FE is significant 
(t 3.45, d.f. 5, P < .05, correlated 
t-test), but is eliminated when the same 
animals are tested after 15 seconds 
confinement. At 25 seconds, there is 
a suggestion of a reverse or negative 
effect (P < .10). When the rats were 
fed and tested after a 5- or 15-second 
confinement, there was no significant 
FE. At 25 seconds, however, a signifi- 
cant negative FE (P < .05) was ob- 
tained, indicating that the animals ran 
more slowly after frustration trials. 

These findings are different from 
those obtained with conventional rein- 
forcement. Amsel and Roussel (5) sug- 
gested that with food reward the FE 
is greatest when the confinement time 
is 10 seconds, but continues to be sig- 
nificant for 30 seconds. Later MacKin- 
non and Amsel (6) reported a maxi- 
mum FE at about 15 seconds, with dis- 
sipation apparent after 90 seconds. In 
contrast to the relatively stable drive 
produced by frustrative nonreward, our 
results show that, if the reinforcer is 
ICS, frustration dissipates completely 
in 15 seconds and becomes a reverse 
effect after 25 seconds. The possibility 
that ICS might have aversive compo- 
nents can be ruled out by an experi- 
ment (7) in which animals with similar 
electrode placements failed to make 
any avoidances of 0.5-second pulses of 
ICS after intertrial intervals of 5, 15, 
30, or 60 seconds. 
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