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AMYGDALOID STIMULATION AND OPERANT REINFORCEMENT
IN THE RAT:

ROBERT H. WURTZ? av»o JAMES OLDS
University of Michigan

Electrical stimulation of chronjeally implanted electrodes in 42 rats tested
for seif-stimulation and escape behavior indicated a topographical division
of the amygdala along classical anatomical lines. Most electrodes yielding
self-stimulation alone and most electrodes yielding highest self-stimulation
rates were in the centrsl and medial nuclei of the corticomedial division.
Most electrodes yiclding escape alone and all those yielding the highest
escape rates were proximeal to the lateral and lateral basal nueclei of the baso-
lateral division. Effects were not strietly localized; distribution of approach
and escape overlapped, with peaks in the corticomedial and bagolateral divi-
sions, respectively. All nuclei yielded mild self-stimulation and escape effects,
frequently from the same electrode, Self-stimulation rates were moderate but

" escape rates high compared with brain stem.

Operant reinforeement may be positive
or negative, depending on whether the basic
direction of behavior is toward or away
from the reinforcing stimulus. Electrieal
stimulation applied directly to the brain in
tegmentum, diencephalon, and telenceph-
alon often has one or the other or both of
these effects. The results of stimulation de-
pend usually on the anatomieal locus to
which the stimulus is applied, but some-
times on the parameters of stimulation or
on other characteristics of the electrieal
stimulus or the behavioral test (Olds, 1962).

I+ is generally agreed that the amygda-
loid eomplex is & correlating or modulating
structure within the brain's gystem of mo-
tivational and emotional mechanisms
(Gloor, 1960). But the relation of amygda-
loid stimulation to the distinction between
positive and negative reinforcement is un-
clear. A number of studies have indicated
that amygdsaloid stimulation elicits aver-
sive responses progressing from mild to in-
tense depending on the intensity or duration
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of stimulation (Ursin & Kaada, 1960). The
group of studies taken together produces a
strong impression that negative reinforce-
ment might be expected on stimulation of
most points in the amygdaloid complex.
The words used to deseribe the behaviors in-
volved include “fear,” “anxiety,” and “de-
fensive reactions.” At milder levels of stim-
ulation, alerting, and aitfention were ob-
served culminating in escape and flight on
the one hand and anger and fury on the other
as the stimulus intensity inereased.

In view of this series of observations sug-
gesting negative reinforcement, made
mostly on the cat, it was somewhat sur-
prising that a preliminary mapping of posi-
tive reinforcement effects, even though
done on the rat and monkey (Brady, 1961;
Bursten & Delgado, 1958; Olds, 1956;
Wurtz & Olds, 1961) listed the amygdala
and amygdaloid complex among the pri-
mary regions yielding approach reactions—
ie., positive reinforcement of behavior. The
yield of positive reinforcement might have
been anticipated on the basis of earlier work
reporting ohservation of sniffing reactions,
no reaction or attention unaccompanied by
fear or anger (Ursin & Kaada, 1960), eat-
ing and food-related activities, and female
sexual reactions (Gloor, 1960). Instead
these studies emphasized the aversive and
aggressive effects observed, and positive
reinforcement was not anticipated.

Areas previously thought to yield mainly
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aversive effects (e.g, Masserman, 1942)
have recently been discovered to yield re-
warding effects upon electrical stimulation
(Olds & Oids, 1963; Roberts, 1958). This
discovery makes it eclear that although
elicited responses which suggest aversion
can easily be found, it is much more diffi-
cult to find elicited responses which suggest
that the animal is being positively rein-
forced by a particular stimulus or state.
It is here that operant measures have been
most useful in transforming preanalytical
data into a system of empirical and metrie
ohservations; for they allow definition and
quantification of both positive and nega-
tive reinforcement in terms of the same con-
tinuous variable-—namely, the rate of freely
emitted operant behavior.

The present study was aimed at an ana-
tomical analysis of the amygdala of the rat
into functionally meaningful subsystems.
The anatomical position of eleetrodes was
used as the primary independent variable
and positively and negatively reinforcing
effects as dependent variables. The aim was
to find whether a reasonable anatomsical
differentiation of the amygdala into posi-
tive and negative reinforcing systems would
appear,

MEeTHOD

Electrode Placement

One bipolar electrode was implanted in each of
79 male albino rats. The electrode was formed by
twisting together two silver wires, each 025 mm.
in diameter and preccated with Formvar insula-
tion execept for the cross-cul section of the tips.
T most cases the Lips were separated only by
their insulation (a distance of from 05-1 mm.),
although a few tips were spread slightly farther
apart. Both electrode wires were connhected to a
metal terminal on a plastic bleck screwed to the
skull.

Electrodes were directed at predetermined
points in the smygdaloid complex; anterior-pos-
terior, lateral, and vertical coordinates were de-
termined from the atlases of de Groot (1959) and
Krieg (1946). General surgical procedures for elec-
trode implantation were routine and have been
summarized by Olds and Milner (1954), A small
burr hole was drilled in the skull at the designated
anterior-postetior and lateral coordinates with
bregma and the midline suture used as reference
points. The electrode wires were cut to a length
gueh that when they were lowered through the burr
hole, their tips would correspond to designated ver-

tical coordinates. The S& were allowed gt least 1
week for recovery,

Behavioral Procedures

Approach tesi. The seli-stimulation test de-
scribed by Olds and Milner (1954) was used. The
8 was placed in a 5 X 11 in, rectangular box, which
was 10 in. high and bad a 4-in. pedal extending
out of the short wall. For each pedal depression,
5 received through the implanted eclectrode a
60-cycle sine wave stimulus traih of 5-sec. maxi-
mum duration. Whenever the pedal was released
in less than 5 sec, the stimulus was terminated
with the release.

A preliminary petiod of training lasting about
2 weeks preceded the testing sessions, For purposes
of tramning, Ss were placed in the box and the
stimulus current level was set at 50 pa. rms. The
8g received this stimulus when they depressed the
bar in the course of their exploratory activity.
(The range of “random” bar preming rates—theose
recorded when no stimulus-reward was given—was
10-50 responses per hour.) The minimum bar
pressing rate taken az indicative of rewsrd was 600
responses per hour, that is, 80 responses per 8-
min. period. On each day during training, Ss were
run for six suecessive 8-min. periods at 50 pa.

Like the traming sessions, the testing sessions
consisted of six 8-min. stimulation periods. Stimu-
lus intensity was ineressed suecessively for each
period: 0, 10, 20, 30, 40, and 50 pa. This permitted
a determination of self-stimulation threshold, i,
of the current level at which 8 began to press the
bar. Testing was eontinued for at least 2 weeks, or
until a stable curve of responding was achieved,

The seli-stimulation seores reported in the fol-
lowing sections are based on daia obtained in the
last week of testing. Fer each 8, the range of self-
stimulation for the last 5 days of testing was
plotted as a function of electric current. Later, to
get 2 simpler index of behavior for each S, the
upper limit of this plotied range was used. The
logic of this procedure was as follows: although
many factors might have been Jowering the rates
of bar pressing (for example, distractions in the
room or increasing damage to the brain from the
stimuiating current), no obvious factors were oper-
ating to raise the rates. Moreover, because the
same procedure was used for ali Ss, the upper limit
of the response frequency range provides a satis-
factory basis for comparison.

Escape test. A modified Sidman test was used
(Olds & Travis, 1960). In this test S depressed a
bar to terminate the stimulus. A programmer de-
hivered a 60-cycle sine wave current in J5-sec.
trains once per second, and by a pedal response S
could terminate or postpone the series for 4 sec.
Then the stimulus was delivered again, and con-
tinued until S depressed the bar for another 4-sec.
break. Although the original test as described by
Sidman was an avoidance rather than an escape fest,
the behavior elicited In the present study can be at-
tributed to an escape from the stimuluz because
the S.sec. interval between the stimuli and the







