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Gustatory aversions, induced in rats by conditionally pair
infl a distinctive flavor with a noxious drug, were readily 
established wen when injections were delayed an hour or 
more. The optimal interstimulus interval and effectiveness of 
cues for learning appear to be a function of the specific ef
fects of the reinforcer on the organism. 

It is considered axiomatic in theory and practice that 
no learning will occur without immediate reinforcement. 
For example, a hungry rat will not learn to press a 
lever for food unless the response is immediately fol
lowed by food (primary reinforcement) or by a signal 
which has been associated with food in the past (secon
dary reinforcement). Food can be described as 
rewarding, but the same general rule has been applied 
to punishing agents also. Delays of the order of 3 to 45 
sec. have a deleterious effect upon learning in a wide 
variety of experimental situations. The significance of 
these findings for reinforcement theory was discussed 
by Spence (1947) and a recent review (Renner, 1964) 
reveals there has been no major modification of the 
temporal contiguity aspect. However, our data indicates 
that immediate reinforcement is not a general require
ment for all learning. 
Method 

Young adult male rats (Sprague-Dawley, 300 to 400 gm) 
were maintained in individual cages with Purina Lab
oratory Chow ad lib. Drinking was restricted to a 
10-min, period each day. After one week of habituation 
to this schedule, treatment began. 

In Experiment A, five groups (N = 8 each) were 
treated. One experimental group (Sac-Apo:inj) was given 
a gustatory cue in its drinking water (1 gm saccharine 
per liter) and after a delay was injected with a drug 
which produced gastriC disturbances (7mg/kg apomor
phine hydrochloride I.P.). The animals were injected 
in serial order at I-min. intervals with the first animal 
injected at 5 min. and the last one at 12 min. after the 
saccharin water bottle was removed from the home 
cage. One control group (Sac-Sal:inj) drank saccharin
water and was injected with saline, while another con
trol (Wat-Apo:inj) drank water and was injected with 
apomorphine. An additional experimental group (Sac
Apo:inj) received delayed injections in serial order from 
15 to 22 min. post-drinking. Other rats (Sac-Shock), 
immediately after drinking saccharin -water, were taken 
from their cages and placed in a box with an electric 
grid floor and three shocks (0.5 sec. pulses at 3 mal 
were delivered within 1 min. to the paws. 

All groups received four treatments, one every third 
day and then three extinction tests (Le. no injections or 
shock) on the same schedule. Between treatment days, 
the animals were given water for 10 min. 
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In Experiment B, five experimental groups (N = 6 each) 
drank saccharin-water and received apomorphine injec
tions (15mg/kg I.P.) with delays of 30, 45, 75, 120 and 
180 min. Five treatments were administered,oneevery 
third day. One control group drank saccharin-water but 
received no injection. 
Results and Discussion 

The apomorphine injected animals (Sac-Apo:inj) dis
played a progressive decrease in intake of saccharin
water indicating that the pairing of this distinctly 
flavored fluid with the drug effects produced a gustatory 
aversion (Fig. 1). The difference in saccharin-water 
intake between the apomorphine injected group and their 
saline injected controls (Sac-Sal:inj) was statistically 
significant after two injections (p < .01 by ranks test). 
The decrement increased following each drug adminis
tration and then was reversed during the extinction 
trials. Apomorphine injections had no effect on those 
animals (Wat-Apo:inj) which drank water every day, 
demonstrating that differential reinforcement of the 
gustatory cue is necessary to produce the fluid intake 
decrement (Fig. 1). 

The magnitude of the decrement in saccharin intake 
produced by four doses of apomorphine (Sac-Apo:inj) 
was independent of the delay of the reinforcing injection 
(r=O) from 5 to 22 min. Furthermore, Experiment B 
indicated that five apomorphine injections could produce 
a significant effect at delays up to 75 min. (Fi5' 2). 

Apomorphine causes nausea and emesis in humans, 
but in rats emesis is blocked by the cardiac sphincter. 
Our doses caused the animals to stopeatlngfor 30 min. 
and caused visible signs of illness within several 
minutes in most animals. 
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Fig. 1. Experiment A: Daily mean fluid intake during a ten
minute period on acquisition days (A) extinction days (E) and 
water intake on days between treatments. Only the group receiving 
Saccharin followed by an apomorphine injection (Sac:Apo:inj) 
learned to reduce saccharin-water intake. Neither apomorphine 
(Wat-Apo:inj) nor saccharin alone (Sac-SaJ:inj) had an appreciable 
effect, while Saccharin followed by shock (Sac-Shock) had a con
verse effect. 
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Fig. 2. Experiment B: Mean fluid intake of saccharin-flavored 
water on the first extinction day, following five conditional pairings 
of saccharin and apomorphine for groups differing in delay of in
jection. Results of Experiment A are also indicated. 

The rats receivingelectrocutaneous shock (Sac-Shock) 
displayed a significant increase in saccharin-water 
intake after the first shock (Fig. 1). This increase 
may be due to the activating effects of shock rather 
than to associative learning. However, the contrast 
between shock rats and drug rats in their responses to 
handling and treatment was also marked. The drug 
and control animals progressively habituated to handling 
and injection, but the shock animals made strong 
attempts to escape after the first shock trial. This 
observation supports a previous study indicating that 
the avoidance reactions induced by electrocutaneous 
shock were readily transferred to auditory and visual 
signals but not to gustatory ones. Conversely, the 
avoidance reactions induced by X-ray or toxin were 
readily transferred to gustatory cues but not to auditory 
and visual ones (Garcia & Koelling, 1966). 

Two sources. outside of the traditional laboratory 
studies of learning, indicate similar learning with 
prolonged delays of reinforcement. Aversions have 
been produced with a discrimination learning paradigm 
where one gustatory cue is paired with ionizing radia
tion and an alternative cue is not so paired (Garcia 
et aI, 1961). Yet, this effect of radiation is not mani
fested until over an hour post-exposure (Smith et aI, 
1965). Aversions have been established for unflavored 
water and for merely sniffing a distinctive odor during 
exposure, indicating that the phenomenon is not de
pendent upon lingering traces of a strongly flavored 
solution (Garcia & Koelling, 1965), Furthermore, ani-
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mals on water-deprivation invariably consume a large 
meal of dry food so that the gustatory and olfactory 
cues are immediately followed by intervening stimula
tion via these modalities which is not differentially 
reinforced. 

Rats utilizing olfaction and gustation also learn to 
avoid poisons with slow cumulative effects, such as 
dicoumarin which gradually reduces the clotting power 
of the blood and eventually causes internal bleeding. 
These batt-shy responses in many cases do not develop 
until hours after the ingestion of the batt(Barnett, 1963), 

These data indicate anew that the mammalian learn
ing mechanisms do not operate randomly, associating 
stimuli and reinforcers only as a function of recency, 
frequency and intensity. The omnivorous rat displays a 
bias, probably established by natural selection, to 
associate gustatory and olfactory cues with internal 
malaise even when these stimuli are separated by long 
time periods. Auditory, visual and tactual stimuli are 
not so readily associated with malaise, though they 
also are discriminable and informative, i.e. supra
threshold and differentially reinforced. On the other 
hand, the latter cues are more readily associated with 
peripheral pain. In this case, both cue and reinforcer 
are localized in external space by the rat and under 
"natural" conditions, escape movements are par
ticularly adaptive. This bias has a practical diagnostic 
value for drug research. Since the gustatory aversion is 
sensitive to toxicity yet insensitive to peripheral pain, 
it can be conveniently used in conjunction with injection 
and surgical procedures. 
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