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We investigated sources of interference with taste-mediated environmental potentiation in Holtz
man rats. Confinement in a novel environmental context for 15 min prior to saccharin ingestion 
prevented the development of enhanced lithium chloride-reinforced aversions to the environment. 
These results implicate the contribution of stimulus delay in the disruption of potentiation. They 
are discussed in terms of both special- and general-process conceptions of conditioning. 

Although toxicosis readily supports the conditioning of 
taste cues, it is considerably less capable of conditioning 
distal cues that activate the olfactory system. Some reports 
have demonstrated, however, that conditioning of olfac
tory cues may be enhanced if they are presented in com
pound with a taste cue during conditioning trials (e.g., 
Bouton, Dunlap, & Swartzentruber, 1987; Durlach & 
Rescorla, 1980; Palmerino, Rusiniak, & Garcia, 1980; 
Rusiniak, Hankins, Garcia, & Brett, 1979). This outcome 
is generally called potentiation, because the taste facili
tates the conditioning of an otherwise less salient olfac
tory cue. Similar taste-mediated potentiation effects have 
been observed in toxiphobia procedures with rats using 
environmental stimuli (Best, Brown, & Sowell, 1984), 
auditory stimuli (EUins & von Kluge, 1987), the visual 
properties of food (Galef & Osborne, 1978), and other 
tastes (Bouton et al., 1987; Davis, Best, & Grover, 1988). 
Potentiation has been of interest for many reasons, not 
the least of which is its apparent conflict with a Pavlovian 
phenomenon known as overshadowing. Pavlov (1927) 
and others (e.g., Kamin, 1969; Mackintosh, 1971, 1975; 
Pearce & Hall, 1980; Rescorla & Wagner, 1972; Revusky, 
1971; Wagner, 1976, 1981) have demonstrated that when 
two elements of a compound conditioned stimulus are fol
lowed by an unconditioned stimulus, conditioning of the 
less salient element is attenuated. 
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Because potentiation seems to represent an exception 
to traditional conditioning outcomes (viz., overshadow
ing), much research has been devoted to an examination 
of the specific associative processes that govern the 
phenomenon. One factor that should be important in the 
development of taste-mediated potentiation is the temporal 
arrangement of the components of the compound stimu
lus. Using a delay procedure, Coburn, Garcia, Kiefer, 
and Rusiniak (1984) allowed rats to drink water in the 
presence of an environmental odor for 5 min. Either 2 or 
5 min after removal of the odor stimulus, the rats were 
then exposed for 2 min to a novel taste dissolved in water 
and intubated with an isotonic solution of lithium chlo
ride. Odor aversions in these groups were then compared 
with those in rats that drank the taste in the presence of 
the odor during conditioning or drank water only in the 
presence of the odor during conditioning. No odor aver
sions were noted in the animals that received odor alone 
during conditioning or in those that received odor 5 min 
prior to drinking the taste, and weak odor aversions were 
observed in the groups that received odor 2 min prior to 
taste exposure. In contrast, strong aversions were seen 
in the animals that received odor in the presence of taste 
during conditioning. These results indicate that temporal 
overlap of the odor and taste is an important condition 
in the production of odor potentiation. 

The present experiment extended the temporal analysis 
offered by Coburn et al. (1984), using an environmental 
potentiation procedure. Prior to lithium injections, all 
animals in the key experimental groups drank a taste while 
confined in a novel compartment. For all animals, the 
intervals between saccharin onset, saccharin offset, and 
the toxin injection were held constant. The groups differed 
only in the amount of time they spent in the experimental 
environment prior to receiving saccharin. One group 
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received saccharin immediately upon placement in the en
vironment. For this group, the onset properties of the taste 
and the environment coincided. The animals in the sec
ond group were placed in the experimental environment 
IS min prior to the introduction of the saccharin solution. 
For this group, the onset of contextual stimuli preceded 
taste stimulation by IS min. This manipulation would be 
expected to interfere with the association between the en
vironment and the taste. If compound associations are im
portant to the production of potentiation, the overall aver
siveness of the environmental stimuli should therefore be 
reduced. 

METHOD 

Subjects and Apparatus 
The subjects were 39 male adult Holtzman rats, born and raised in 

the animal colony at Southern Methodist University. From birth and 
during the experiment, they were maintained on a 12-h-lightl12-h-dark 
schedule, housed individually in standard Wahmann wire-mesh cages, 
and given access to food (Wayne Lab Blox) ad lib. All fluid was deliv
ered via 5O-m1 polypropylene centrifuge tubes equipped with rubber st0p
pers and metal spouts. Intakes were measured to the nearest 0.1 g using 
an Ohaus electronic balance. 

The experimental environments were polypropylene mouse-bree<ling 
cages situated side by side on a three-tiered stainless steel rack residing 
in an adjacent room. Fluids available during the experiment included 
a 0.15% saccharin solution (w/v , mixed with room-temperature tap 
water) and room-temperature tap water. Injections were administered 
intraperitoneally using an isotonic solution of lithium chloride (0.15 M) 
at a dose of 1.2 % of body weight. 

Procedure 
Prior to the initiation of the experimental procedures, all animals were 

organized into four groups (n = 10 per group) equilibrated as closely 
as possible by weight and fluid intake. Each animal was initially famil
iarized with a 0.9% saIine solution, receiving this fluid for 20 min each 
day for 12 consecutive days. All animals then drank water for 20 min 
daily on each of the 9 days prior to conditioning. On the day prior to 
conditioning, 1 animal was removed from the experiment because of 
respiratory illness. 

Conditioning took place on 4 consecutive days following saline pre
exposure. Animals in the SAC/BOX(5) group (n = 9) were placed in 
the experimental boxes for 5 min and received 20 mI of 0.15% sac
charin solution for the duration of this 5-min session. Animals in the 
H20/BOX(5) group (n = 10) were also placed in the environmental 
chambers for 5 min. Instead of saccharin, they had access to 20 mI of 
water during this 5-min period. Animals in the SAC/BOX(20) group 
(n = 10) were placed in the environment for 20 min, the last 5 min 
of which they had access to 20 mI of saccharin. The animals in the 
H20IBOX(20) group (n = 10) were also placed in the experimental en
vironments for 20 min, receiving water the last 5 min of this period. 
All animals were then removed from the environments, injected with 
lithium chloride and returned to their horne cages. Four hours after each 
conditioning session, all animals received access to 40 mI of saline so
lution for 20 min in their home cages. For the next 10 days, all animals 
received 40 mI of saline solution for 20 min in their home cages. 

The first of three environmental tests was conducted 24 h after the 
last saline-maintenance session. For this test, all animals were placed 
in the experimental environments for 20 min with continuous access to 
40 mI of saline solution. The animals were then returned to their home 
cages and intakes were recorded. To equilibrate intakes on the day of 
testing, each animal was then given the remainder of its 40 mI of saline 
in the home cage. Second and third tests, identical to the first, were 
administered 24 and 48 h, respectively, after the initial test session. 

Twenty-four hours after the final environmental test, all animals 
received saccharin in their home cages for 20 min. This test was used 
to evaluate the saccharin aversions in each group. This saccharin ex-

posure was followed by a 20-min saline-maintenance session for all 
animals. Identical test sessions were conducted on the following 3 days. 

Statistical evaluations of the between-group data were performed us
ing the Mann-Whitney U test, two-tailed (p < .05). 

RESULTS 

Water Familiarization 
Water intake on the day prior to conditioning did not 

differ between any of the four groups (lowest U = 27, 
p > .10). The means ranged from 20.7 to 24.2 ml on 
this 20-min encounter. 

Conditioning 
Intakes decreased substantially across trials for the two 

groups drinking saccharin during the S-min conditioning 
exposure. The mean intake for Group SAC/BOX(S) on 
Conditioning Day 1 was 7.1 ml, and on Day 4 it was 
0 .1 ml. Parallel mean intakes for Group SAC/BOX(20) 
were 8.9 and 0.3 ml. A similar intake pattern was also 
observed in the H20/BOX groups across conditioning. 
Mean intakes for the H20/BOX(S) group were S.63 ml 
on Trial I and 0.28 ml on Trial 4. Parallel intakes were 
11.3 and 1.0 ml for the H20/BOX(20) group. These in
take differences between the H20/BOX groups were sig
nificant on Day 1 (U = 7, p < .OS), as were those be
tween both H20/BOX groups and the two SAC/BOX 
groups on Day 2 (highest U = 23, p = .OS). 

Saline intakes during the 20-min afternoon maintenance 
periods were not significantly different for any of the 
groups on any of the four conditioning trials (lowest U = 
24, P > .OS; means ranged from 21.3 to 3S.0 ml). More
over, there were no significant differences in saline con
sumption for any of the groups on the last day prior to 
the environmental test (lowest U = 43.S, P > .10; means 
ranged from 34.5 to 36.5 ml). 

Environmental Test 
Figure 1 displays the mean intakes on the 20-min sa

line test in the experimental environment for all four 
groups on Test Day 1. Group SAC/BOX(S) consumed 
significantly less saline on this test than any of the other 
three groups (highest U = 18, p < .OS). None of the 
other groups differed significantly on this day (lowest U = 
30.S). This pattern was evident on Test Day 2 as well. 
The animals in Group SAC/BOX(S) drank a mean of 
11.5 ml of saline on this test, and the means in the other 
groups ranged from 21.7 to 23.6 ml. The intakes in the 
SAC/BOX(S) group were significantly less than those in 
all the other groups on Test Day 2 (lowest U = 18, p < 
.OS). By Test Day 3, all groups were drinking compara
bly (means ranged from IS.8 to 21.6 ml; lowest U = 
29.5, p > .10). 

Taste Tests 
Substantial and significant aversions were established 

in both SAC/BOX groups on the 20-min test in the home 
cages. Mean intakes on Test Day 1 were 4.7 ml for Group 
SAC/BOX(S) and 2.22 ml for Group SAC/BOX(20); 
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Figure 1. Mean saline intake for each of the four groups on the 
lint environmental test. Group SACIBOX(5) drank 0.15% saccha
rin for 5 min on each of four 5-min conllnements in the experimen
tal environment. Each confinement was followed by 0.15 M, 1.2% 
of b.w. injections 01 Uthium chloride. Group H10IBOX(5) drank 
water during otherwise identical conditioning trials. Group SACI 
BOX(20) drank saccharin the last 5 min on eacb of four lO-min COD

finements in the experimental environment, foUowed by Uthium 
chloride inJections. Group H10IBOX(20) drank water on otherwise 
identical conditioning trials. 

mean intakes on the same test day for the parallel H201 
BOX groups were 16.8 and 17.4 mI (highest U = 5, 
p < .05). Of particular interest were the differences be
tween the SACIBOX(5) and SACIBOX(20) groups on the 
saccharin tests. Saccharin consumption on the four tests 
was significantly higher in Group SAC/BOX(5) than in 
Group SAC/BOX(20) [combined mean for Group SAC I 
BOX(20) 6.0 mI, combined mean for Group 
SAC/BOX(5) = 13.2 mI; U = 17, p < .05] . 

DISCUSSION 

The outcome of primary importance in this experiment was the failure 
to observe taste-mediated environmental potentiation in the SACIBOX(20) 
group on the initial environmental tests. Whereas the animals in Group 
SACIBOX(5) consumed significantly less saline on these 20-min inges
tional tests than their comparison control group [Group H10/BOX(5»), 
the animals in Group SAC/BOX(20) drank significantly more on this 
test than those in the SAC/BOX(5) group, and drank similar amounts 
to those in both the H20/BOX(20) and the H10/BOX(5) groups. This 
difference could not have been due to stronger saccharin aversions learned 
in the SAC/BOX(5) group since, if anything, the animals in this group 
actually learned less of a saccharin aversion than did those in the 
SAC/BOX(20) group. These results, then, point to the critical role 
the environmental cues played in the disruption of potentiation in the 
SAC/BOX(20) group. 

The manner in which the environmental manipulation in Group SACI 
BOX(20) disrupted potentiation is worth consideration. In this group, 
each animal was placed in the environment 15 min prior to receiving 
saccharin. This manipulation introduced a delay between the onset of 
the environmental stimuli and the onset of the potentiating stimulus. Such 
exposure could have temporarily habituated the environmental stimuli, 
thereby reducing their salience. 

The difference in saccharin aversions between the SAC/BOX(5) and 
SAC/BOX(20) groups also deserves some comment. It is likely that the 
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SAC/BOX(20) animals drank significantly less saccharin than the SACI 
BOX(5) animals on the tests because of differential overshadowing of 
the saccharin by the environmental cues in the two groups. For the 
animals in the SAC/BOX(5) group, the environmental cues were novel 
at the time that taste was introduced. This should increase the likeli
hood of taste overshadowing. In contrast, the animals in the SACI 
BOX(20) group drank saccharin in a compartment to which they had 
already received 15 min of familiarization. This manipulation would 
be expected transiently to reduce the salience of the environmental stim
uli, thereby rendering the taste relatively more associable with toxicosis. 
This outcome is particularly interesting in light of the enhanced aver
sion noted in the SAC/BOX(5) group to the environmental cues. The 
animals in this group evidenced potentiated aversions to stimuli that, 
in tum, were exerting a disruptive effect on the conditioning of a con
comitant taste. 

Conclusion 
The experiment reported here was conducted to clarify further the 

mechanisms underlying taste-mediated environmental potentiation. Most 
of the potentiation data in the literature have been interpreted within 
one of two theoretical frameworks. One, initially proposed by Garcia 
and his colleagues (Garcia, 1988; Palmerino et al., 1980), emphasizes 
the special status of potentiation within the feeding system. In support 
of this proposal, virtually all instances of stimulus potentiation occur 
in toxicosis procedures using taste as the mediating factor. The second 
framework, originally offered by Rescorla and his colleagues (Durlach 
& Rescorla, 1980; Rescorla & Durlach, 1981), focuses on the general 
associative structures underlying taste-mediated potentiation. This per
spective emphasizes cross-paradigmatic processes. The primary evidence 
in this regard has been the role of associative compounding in the produc
tion of potentiation. 

The necessity of associations between a taste and other feeding-reJated 
stimuli in taste-mediated environmental potentiation can be inferred from 
the results of the present experiment. Confinement of rats in the ex
perimental environment for 15 min prior to introducing the taste solu
tion significantly interfered with the ability of these environmental stimuli 
to become the object of potentiation. If the association between environ
mental stimuli and taste is a key ingredient in producing potentiation, 
a delay between the onset of these stimuli would be expected to inter
fere with this association. In contrast, simultaneous onset of the stimuli 
should create the optimal conditions for this association. Consistent with 
this paradigm, rats offered the taste immediately upon confmement in 
the experimental compartment evidenced the strongest aversion to the 
environmental cues. 

On balance, though, it is important to recognize that taste-mediated 
potentiation has thus far been limited to toxiphobia procedures. In ad
dition, although an aversive taste is capable of enhancing conditioning 
to other stimuli, these other cues significantly overshadow the develop
ment of a taste aversion (e.g., Best & Meachum, 1986; Westbrook, 
Homewood, Hom, & Clarke, 1983). This associative asymmetry is 
perhaps not surprising because, for the feeding rat, tastes, smells, sights, 
and sounds all play an integral role in the relevant appetitive and con
summatory behavior. Unlike conditioning preparations in which the 
stimuli tend to be easily differentiated, the natural relationship of the 
events in ingestionaI conditioning may make these procedures particu
larly useful in isolating the rules of associative assimilation. 
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