
Electrical Stimulation of the Amygdala as a 

Conditioned Stimulus in a Bait-Shyness Paradigm 

Abstract. Animals receiving low-intensity electrical stimulation of the basolateral 
nucleus of the amygdala while drinking plain tap water were injected with toxic doses 
of lithium chloride to examine whether brain stimulation can serve as a conditioned 
stimulus in a bait-shyness paradigm. Subjects receiving this pairing greatly reduced 
their water intake in a retention test, in a similar manner to a group in which saccha- 
rin was paired with poisoning. Pairing lithium chloride with stimulation of the amyg- 
dala had no effect on subsequent water intake in the absence of brain stimulation. 
This effect appears to be locus specific, as caudate stimulation could not serve as a 
conditioned stimulus. 

Electrical stimulation of the brain 
(ESB) is known to have perceptual prop- 
erties that can influence behavior. In ad- 
dition to serving as a reinforcing stimulus 
for which animals will work repeatedly 
(1), ESB can serve as a conditioned stim- 
ulus (CS) in classical conditioning (2) and 
as a discriminative stimulus in instru- 
mental learning (3). In classical condi- 

tioning, stimulation at a wide variety of 
cortical and subcortical sites can serve 

as an effective CS (4). There have now 
been several refinements of this tech- 

nique, including the demonstration that 
conditioning can occur when stimulation 
at one cortical site serving as the CS re- 

peatedly precedes the unconditioned 
stimulus (US) produced by direct electri- 
cal stimulation of the motor cortex (5). In 

perhaps the ultimate extension of this 

procedure, classical conditioning has 
been shown at sites in the lateral genicu- 

late nucleus with ESB at two intensities 
serving as both the CS and US (6). As 
such, the use of ESB has important im- 
plications for the study of neural mecha- 
nisms of conditioning. 

A conditioning paradigm that has re- 
ceived a great deal of attention recently 
is bait shyness, also referred to as taste 
aversion (7). Bait shyness can be pro- 
duced by following the ingestion of a 
novel flavored solution with the injection 
of a toxin that produces visceral dis- 
comfort. Animals reexposed to the taste 
of this solution will diminish their intake 
greatly, thus expressing the aversion. 
Attempts to define the neural mecha- 
nisms of conditioned taste aversion have 
examined the disruptive effects of le- 
sions and electrical stimulation at a num- 
ber of subcortical loci (8). These studies 
suggest an important role for the amyg- 
dala, because lesions of the basolateral 
nuclei impair the acquisition of taste 
aversion (9) as does seizure-inducing 
electrical stimulation (10). To our knowl- 

Fig. 1. Electrode placements from animals in the caudate (CD) and amygdala (ABL) groups depicted on coronal sections. 
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edge, there have been no attempts to use 
the CS properties of ESB to identify neu- 
ral systems involved in taste aversion. 
We now provide further evidence for the 
involvement of the amygdala in taste 
aversion by demonstrating that unilater- 
al, low-intensity stimulation of the baso- 
lateral nucleus can substitute for taste as 
the CS in this paradigm. Garcia and his 
co-workers (11) have emphasized the se- 
lective relationship between olfactory- 
gustatory stimuli and food aversion. In 
this context, our data acquire added sig- 
nificance in that the amygdala receives 
input from both the anterior olfactory 
nucleus (12) and the pontine taste area 
(13). 

Groups of male Wistar rats had bipolar 
electrodes permanently implanted under 
stereotaxic control into either the baso- 
lateral nucleus of the amygdala (ABL) or 
the head of the caudate nucleus (CD). An 
additional experimental group did not 

undergo surgery. Stereotaxic coordi- 
nates, with the mouth bar set at -4.2 mm 
below the interaural line, were ABL, 0.8 
mm posterior to bregma, 4.8 mm lateral 
to the sagittal suture, 8.6 mm ventral to 
the dorsal surface of the skull; CD, 1.0 
mm anterior to bregma, 2.5 mm lateral, 5 
mm ventral. The CD placements were 
selected because we have successfully 
used stimulation at this site with com- 
parable values to impair retention of a 
step-down passive avoidance response 
(14). Including CD groups would there- 
fore provide a suitable control for the 
locus-specific effects of amygdala stimu- 
lation. After recovering from surgery, all 
animals were habituated to a deprivation 
schedule on which they were permitted 
to drink water for 10 minutes per day. 
Throughout the experiment, food was 
continuously available. All testing was 
conducted in five Plexiglas chambers (22 
by 30 by 45 cm) with water or saccharin 
solutions dispensed from graduated cyl- 
inders fitted with curved ball-tip drinking 
spouts which protruded through one wall 
of the test chamber 5.0 cm above the 
floor. Each chamber was housed in a 
sound-attenuating box. 

On the day of conditioning, the ani- 
mals were assigned to six treatment 
groups on the basis of electrode place- 
ment and water intake. The first two 
groups were designated ABL-Cue and 
CD-Cue. As with all the groups with im- 
plants, they were presented with unfla- 
vored tap water during the 10-minute 
conditioning session. Intracranial stimu- 
lation (60-Hz sine wave) was delivered 
during the 10-minute drinking session in 
repeated trains that were on for 3 sec- 
onds and off for 6 seconds throughout 
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Fig. 2. Fluid intake at 48-hour intervals fol- 
lowing toxic injections of lithium chloride 
(SAC-Cue, ABL-Impl, CD-Impl) or isotonic 
saline (ABL-Stim, CD-Stim), paired with sac- 
charin (SAC) or electrical stimulation of the 
basolateral nucleus of the amygdala or cau- 
date nucleus. 

the session. The current was set initially 
at 10 ,/A, and if this intensity inhibited 
drinking in the first minute of the ses- 
sion, it was reduced to a level at which 
drinking resumed. The resulting mean 
current intensities (root mean square) 
were 3 ,A in the ABL groups and 8 /tA 
in the CD groups. Ten minutes after wa- 
ter was withdrawn, each subject in the 
ABL-Cue and CD-Cue groups was in- 
jected intraperitoneally (20 ml per kilo- 
gram of body weight) with 0.15M lithium 
chloride. Should electrical stimulation of 
the ABL serve as a CS in a taste aversion 
paradigm, those animals receiving ABL 
stimulation while drinking water prior to 
poisoning with LiCl, would reduce their 
water intake significantly on subsequent 
retest with ABL stimulation present dur- 
ing the drinking session. Unoperated ani- 
mals were allowed to drink a 0.2 percent 
(weight to volume) saccharin solution for 
10 minutes prior to the injection of LiCl. 
This experimental group (SAC-Cue) was 
incorporated to provide a baseline 
against which to compare the effect of 
ESB as a CS in the bait-shyness para- 
digm. As a control for the possible aver- 
sive effects of prolonged ESB, animals 
with ABL or CD placements were stimu- 
lated during the 10-minute drinking ses- 
sion but injected with isomolar saline (20 
ml/kg) instead of LiCl. These groups 
were designated ABL-Stim and CD- 
Stim. As a final control for the effects of 
electrode implantation, animals with 
ABL electrodes (ABL-Impl) or CD elec- 
trodes (CD-Impl) did not receive ESB 
during the drinking session but were in- 

jected with LiCl, 10 minutes later. Water 
alone was presented to all groups 24 
hours after the conditioning trial and on 
successive alternate days to ensure that 
no general drinking deficit had been pro- 
duced by the LiCl injections. Fluid in- 
take was retested 48 hours after training, 
under the same condition as prevailed 
for each group during training. Three ex- 
tinction tests were run on days 4, 6, and 
8 after training. 

Upon completion of testing, the ani- 
mals were killed, and their brains were 
removed for histological confirmation of 
the electrode placements. An analysis of 
the electrode placements from 56 ani- 
mals with implants, by two independent 
observers, confirmed that 51 of the 
placements were correctly located in ei- 
ther the ABL or CD (Fig. 1). The data 
from these 51 subjects were included in 
the statistical analysis. 

Only two groups showed a marked re- 
duction in fluid intake during the 48-hour 
retention test (Fig. 2). Animals in the 
SAC-Cue group reduced their intake of 
saccharin by 92.5 percent, and the water 
intake in the ABL-Cue group was re- 
duced by 61.5 percent of the intake be- 
fore injection of LiCl. Water intake for 
both groups was unchanged 24 hours af- 
ter conditioning with mean values of 12.6 
ml and 15.5 ml for ABL-Cue and SAC- 
Cue groups, respectively (precondition- 
ing levels: 13.8 and 13.1 ml). Stimulation 
of the CD prior to LiCl injections had no 
effect on subsequent water intake, nor 
did electrode implantation in either ABL 
or CD, or simulation of these structures 
in the absence of LiCl treatment. These 
data were analyzed by a repeated-mea- 
sures analysis of variance, which 
showed significant main effects for treat- 
ments [F (6, 51) = 10.64, P < .01], test 
days [F (3, 153) = 15.58, P < .01], and 
the interaction term [F (18, 153) = 3.19, 
P < .01]. Additional one-way analyses 
of variance for treatment effects were ap- 
plied to each test day; significant effects 
were found for the retention test and the 
first two extinction tests. Duncan's mul- 
tiple range test confirmed that the intake 
scores for animals tested with saccharin 
(SAC-Cue) or those given ABL stimula- 
tion while drinking water, prior to LiCl 
treatment (ABL-Cue), were significantly 
lower than the five remaining control 
groups (P < .05). Although both groups 
drank significantly less than controls, the 
ABL-Cue group consumed significantly 
more than the SAC-Cue group (P < .05), 
which suggests that the taste was a more 
salient CS. In the first extinction test, the 
SAC-Cue and ABL-Cue groups again 
differed significantly (P < .05) from the 
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five control groups but not from each 
other. In the second extinction test, only 
the SAC-Cue group was significantly dif- 
ferent from controls (P < .05), and no 
significant differences were observed be- 
tween groups (P > .05) on the third ex- 
tinction trial. 

Taken together, these data show that 
electrical stimulation of the ABL, but 
not CD, can serve as a CS in a bait-shy- 
ness paradigm. This conclusion is sup- 
ported by the following findings. (i) The 
ABL-Cue group suppressed its drinking 
in the retention test in a manner similar 
to that of the SAC-Cue group; (ii) the 
suppression of drinking was maintained 
through the first extinction test but re- 
turned to baseline on succeeding ex- 
tinction tests; (iii) the pairing of ABL 
stimulation with LiCI illness did not af- 
fect drinking on the tests with water and 
no ESB given after the injection; (iv) 
stimulation of ABL without the LiCl ill- 
ness (ABL-Stim group) had no signifi- 
cant effect on water intake during reten- 
tion and extinction tests; (v) electrode 
implantation (ABL-Impl group) had no 
significant effect on subsequent water in- 
take, even though this group was inject- 
ed with LiCI; and (vi) none of the CD 
groups, including the animals stimulated 
in the CD prior to the LiCl illness, showed 
a significant reduction in water intake 
throughout the experiment. 

The locus-specific effect noted is im- 
portant because it distinguishes the 
taste-aversion paradigm from other 
forms of classical conditioning, such as 
the rabbit's nictitating-membrane re- 
sponse, in which the effectiveness of 
ESB as a CS is not related to locus of 
stimulation (15). This finding suggests a 
unique relationship between the amyg- 
dala and taste aversion, one that may be 
related to the importance of this struc- 
ture in the integration of visceral and 
gustatory signals (13, 16). As such, these 
data further emphasize the importance of 
using the CS properties of ESB in the 
analysis of neural substrates of condi- 
tioning. 
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Atherosclerosis in rabbits can be ex- 
acerbated by experimentally inducing 
both serum sickness (immune complex 
disease) and hyperlipoproteinemia (1). 
This combination of repeated immuno- 
logic injury to arteries and a lipid-rich 
diet not only increases the extent of rab- 
bit atherosclerosis, but also affects the 
qualitative characteristics of the plaques 
so that they more closely resemble ath- 
erosclerotic lesions in human beings (2). 
This phenomenon is not limited to rab- 
bits; much more severe atherosclerosis 
also develops in baboons fed a lipid-rich 
diet and repeatedly immunized with 
foreign protein (3). Sharma and Geer (4) 
have reported the results of immunologic 
and morphologic studies of the lesions 
induced in the aortic intima of rabbits 
with experimentally induced serum sick- 
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Fig. 1. Correlation between the number of 
vasectomized and sham-vasectomized mon- 
keys in which antibodies to sperm developed 
and the time after surgery. 
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ness. They concluded that the injury and 
associated increased permeability of the 
endothelium were due to immune com- 
plex deposition, and that, by way of this 
mechanism, immunologic injury to arter- 
ies plays a role in the atherosclerotic 
process. 

Multiple antigens are present in 
sperm, both on their surface and inter- 
nally, and these can elicit production of 
autoantibodies. After animals are va- 
sectomized, spermatozoa are confined to 
the epididymis and vas deferens. Pre- 
sumably because these sperm lack a nor- 
mal anatomical passage, they degenerate 
and release antigens that enter the 
circulation directly or are phagocytosed 
by macrophages. Sperm agglutination, 
sperm immobilization, and immunofluo- 
rescence provide the means to dem- 
onstrate circulating antibodies to sperm 
in about 50 percent of vasectomized men 
(5-8) and in vasectomized males of sev- 
eral other species (9-11). 

Whether antibodies to sperm will de- 
velop in an individual after vasectomy 
may depend on genetically determined 
factors that affect immunologic respon- 
siveness (12) or on different rates of 
sperm production. In vasectomized 
rhesus monkeys, high and sustained con- 
centrations of antibody against sperm 
correlated significantly with high sperm 
counts before vasectomy (13); a similar 
finding has been reported in men (14). 
Another possibility is that antibodies 
to sperm develop in all vasectomized 
animals, but that routine methods 
measure only free antibodies and not 
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Vasectomy Increases the Severity of Diet-Induced 

Atherosclerosis in Macacafascicularis 
Abstract. Diet-induced atherosclerosis developed more extensively in vasecto- 

mized cynomolgus monkeys (Macaca fascicularis) than in sham-vasectomized con- 
trol monkeys fed the same diet. The effect was most pronounced in the abdominal 
aortas, carotid arteries, distal segments of the coronary arteries, and intracranial 
cerebral arteries. Antibodies to sperm developed in all vasectomized monkeys, and 
complement and immunoglobulins were associated with atherosclerotic plaques in 
some of the vasectomized animals. The immunological response to sperm antigens 
that often accompanies vasectomy may exacerbate atherosclerosis. 
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