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Overshadowing of environmental cues by
an odor in toxicosis-based conditioning inrats
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It was demonstrated that an odor presented to rats in a distinctive environment can interfere
with toxicosis-based conditioning to the environmental cues. Rats poisoned when they drank
unflavored water in a black compartment odorizedwith oil of eucalyptus exhibited no suppres
sion of water intake when they were subsequently tested in the same compartment minus the
odor. In contrast, rats poisoned in the same compartment minus the odor later exhibited
reduced water consumption in that environment. Oil of eucalyptus proved to be as effective an
overshadowingstimulus as a taste cue (a 1.5%NaCIsolution).

It is generally assumed that rats will quickly and
easily learn to associate taste stimuli with toxin
induced distress. All other stimuli appear to be in
ferior to taste in the sense that conditioning is slower
and/or weaker (Domjan, 1980; Garcia, Hankins, &
Coil, 1977; Nachman, Rauschenberger, & Ashe,
1977; Revusky &Garcia, 1970).Even odor, when it is
presented in the absence of a novel taste, acquires
conditioned aversive properties less readily (Hankins,
Garcia, & Rusiniak, 1973). The exception to this rule
occurs when an odor/taste compound is paired with
a toxin. Here, the presence of the taste can bring
about a potentiated odor aversion (Palmerino,
Rusiniak, & Garcia, 1980; Rusiniak, Hankins,
Garcia, & Brett, 1979).

It is also generally assumed that, in rats, odor
toxicosis associations will develop more readily than
associations between so-called exteroceptive stimuli
(visual, auditory, tactile, and location cues) and ill
ness (Garcia, McGowan, & Green, 1972); but this
assumption has received scant experimental attention
(although see Archer, Sjoden, Nilsson, & Carter,
1980). Nor has the possibility of odor-exteroceptive
cue interactions been considered. It is possible, for
example, that the presence of an odor might facilitate
toxicosis-based conditioning to exteroceptive cues in
the same way that taste has been shown to facilitate
conditioning to both odor (Palmerino et al., 1980;
Rusiniak et al., 1979) and color (Galef & Osborne,
1978) in rats. Alternatively, an odor might over
shadow all but gustatory cues, thereby precluding or
limiting any exteroceptive cue-toxicosis associations.
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The present experiments were designed to explore
odor-exteroceptive cue interactions.

EXPERIMENT 1

In the training phase of Experiment 1, three
groups of rats were injected with a toxin, lithium
chloride, and then placed into a distinctive compart
ment (a black wooden box) which provided the rele
vant exteroceptive cues. Here they were allowed to
drink (1) unflavored water, (2) unflavored water in
the presence of a strong odor (oil of eucalyptus), or
(3) NaCI-flavored water. In the test phase, condition
ing to the compartment was measured in terms of the
degree to which this environment suppressed water
ingestion when odor or taste cues were absent.

Method
Subjects. The subjects were 24 male Long-Evans rats obtained

from Canadian Breeding Farms and Laboratories (St. Constant,
Quebec) at a weight range of 50-75 g. They were reared in the
authors' laboratory until they averaged 258 g (SD=21.S g). All
were housed in individual, translucent, polypropylene cages
(Hazleton HP301) with wire lids. Purina Rat Chow was avail
able at all times, except in the experimental apparatus. Water,
when it was provided, was always demineralized. Immediately
prior to the training phase of the experiment, the rats were divided
into three groups of eight animals each on the basis of their body
weights, so that the mean weights for the three groups were 254,
259, and 261 g.

Apparatus. The apparatus consisted of two very similar wooden
boxes measuring 30.0x 12.5x 15.0 em (Ixwxh); both had wire
mesh floor and Plexiglas tops. At one end of each, a 1.3-cm hole
accommodated a glass drinking tube that emerged from a bottle
clipped to the outside of the box wall. The walls and floor of each
box were painted either white or black, and the exterior surface of
the Plexiglas top was coated with a matching adhesive vinyl (white
or black, respectively). To insure that the boxes smelled the same,
they were coated entirely with a clear liquid acrylic (Varathane)
and were allowed to air thoroughly before being used so that little
of the acrylic odor remained. Each box was housed in a 2.2 x 1.8 x
2.4 m (Ix w x h) ventilated cubicle. A cubicle containing a white
box was illuminated by a fluorescent light fixture mounted in the
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Figure 1. Mean water Intake for each of the three groups In Ex
periment t on Test Dayst-6.

On Test Days 4, 5, and 6, Group B-OE exhibited
strong suppression of drinking in the presence of the
OE odor, as anticipated. Over the 3 days combined,
this group drank less than Group B [F(1,14)=4.6S,
p< .05]and Group B-NaCl [F(1,14)=7.26, p'< .025],
while the latter two groups did not differ (F < 1).
Unexpectedly, both Group B and Group B-NaCl ex
hibited a pronounced neophobia for the odor.

On Test Day 7 (NaCl in W-), mean intakes were
as follows: Group B-OE, 7.3 ml; Group B, 6.1 ml;
and Group B-NaCl, .1 ml. As anticipated, Group B
NaCl showed a strong NaCl aversion relative to
Groups B-OE [t(14)= 8.12, p < .001] and B [t(14)=
6.90, p < .001]. The latter two groups did not differ
[t(14) < 1].

The results from Test Day 3 indicated that both
the odor and the taste overshadowed the exterocep
tive B+ cues. The overshadowing by taste was ex
pected in light of previous evidence showing a similar
effect (Best, Best, & Mickley, 1973). However, the
overshadowing of environmental cues by odor was
heretofore an undemonstrated phenomenon, al
though some investigators have implicitly antic
ipated this effect when designing their studies. For
example, Best et al. (1973) were careful to con
trol for possible discriminable odor cues in the two
compartments that they used in their experiments so
that they could claim a true toxicosis-based extero
ceptive cue discrimination. The present results in
dicated that their concern was warranted. It appears
that rats will associate at least some odors with ill
ness more readily than they will exteroceptive cues;
and if two sets of environmental cues include dif
ferent olfactory components, then toxicosis-based
discrimination learning may be facilitated. However,
the discrimination may be based upon the odors
alone.

The strong neophobia for the odor shown by
Groups Band B-NaCl on Test Days 4-6 was surpris
ing. Perhaps this effect can be explained simply in

ceiling, whereas a cubicle containing a black box was only dimly
illuminated by a 7-W lamp mounted approximately I m from the
floor.

Procedure. For 10 consecutive days, all rats were given water for
10 min per day in their home cages in order to accustom them to a
drinking schedule.

The training phase lasted 12 days. On Training Days I and 2,
each rat was placed into a white box where it was presented with
water for 5 min per day. Each of these sessions was followed
immediately by 10-min access to water in the home cage. The white
box would never be paired with lithium distress for any animal,
and therefore it was given the designation "W-."

During the next 8 days, all rats were given unflavored water in
W- two more times, on Treatment Days 3 and 7, for 5 min on each
occasion. Five to 6 h after each session, they were permitted free
access to water for 17.5 h in the home cages. On two other oc
casions (Treatment Days 5 and 9), each rat was exposed to the
black box (designated B+) that would be paired with lithium. Im
mediately prior to being placed into this compartment for 5 min,
each animal was injected with 10 ml/kg of a .3 M LiCI solution.
Once in B+, one group of rats (Group B-OE) was presented with a
drinking spout containing unflavored water. Directly beneath this
spout, but under the wire-mesh floor so that the rat could not
touch it, an open petri dish was placed containing a 3-cm' piece of
filter paper upon which .2 ml of oil of eucalyptus (OE) had been
dropped. A second group (Group B) was also presented with the
unflavored water, but the petri dish held only filter paper without
the odorant. A third group (Group B-NaCI) was treated exactly
like Group B except that the drinking spout contained a 1.5070 w/v
NaCI solution instead of unflavored water. Immediately after each
drinking session, each animal was returned to its home cage and, 5
to 6 h later, was provided with 17.5 h free access to water. On
Treatment Days II and 12, all animals were given 20 min access to
water in their home cages per day.

The duration of the test phase was 7 days. On Test Days 1-6,
every animal was allowed to drink unflavored water for 5 min in
one of the two boxes. Immediately after each drinking session, it
was permitted access to water for 20 min in the home cage.

On Test Days I and 2, all groups were placed into W- to
determine if they would exhibit a generalized aversion to this com
partment. The test of principal interest occurred on Test Day 3.
All groups were placed into B+, where it was anticipated that they
would exhibit varying degrees of suppression of water intake.

Test Days 4-6 were designed to assess the degree of aversion to
the oil of eucalyptus that had developed in Group B-OE. All
groups were placed into W- and exposed to .2 ml of the odorant
on filter paper in a petri dish located under the drinking spout.

Test Day 7 was designed to assess the aversion to NaCI that
Group B-NaCI was expected to exhibit. All groups were placed
into W-, where they were presented with a 1.5070 w/v NaCI
solution rather than the unflavored water of Test Days 1-6.

Results andDiscussion
The mean water intakes for all groups on Test

Days 1-6are shown in Figure 1. The three groups did
not differ significantly on Test Day 1 [F(2,21)= 2.45,
p > .05] or on Test Day 2 [F(2,21) < 1], although
Group B showed a slight tendency to drink less than
the other two groups on Test Day 1. On Test Day 3
(the day of primary interest), the three groups did
differ significantly [F(2,21)=6.13, p < .01], with
Group B drinking less than either Group B-OE [t(14)
=3.32, p < .01] or Group B-NaCl [t(14)=2.62, p <
.05]. Group B also drank less in B+ on Test Day 3
than it had consumed in W- on Test Day 2 [t(7)=
2.67, P < .05]. Neither Group B-OE nor Group B
NaCl exhibited such a difference [both ts(7) < I].
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terms of an enhancement of neophobia for an odor
that may result as a consequence of the animal's
previous experience with lithium toxicosis. Carroll,
Dine, Levy, and Smith (1975) showed that the nor
mal neophobia that rats exhibit for a novel flavored
solution is enhanced in animals that have had a
history of lithium poisoning following water inges
tion. While these investigators used a taste stim
ulus to demonstrate the enhancement effect, it is pos
sible that the phenomenon is applicable to odor as
well. The only difficulty with this generalization
from the Carroll et al. (1975) study is that, in their
experiments, no enhancement of neophobia was
found when a period of 48 h intervened between the
LiCI exposure and the enhancement test. In the
present experiment, a total of 144 h intervened be
tween the rats' last LiCI experience and their expo
sure to the novel odor. The difference between the
two studies may be explained by the fact that Carroll
et al. (1975) gave their animals only one LiCI expo
sure, whereas the animals in the present study were
given two. The extent to which neophobia is en
hanced and the temporal parameters of this effect
may vary as a function of the number of occasions on
which the animal experiences the lithium distress
prior to its initial contact with the taste or odor
stimulus.

EXPERIMENT 2

Experiment 1 demonstrated that an odor presented
to rats in a distinctive environment can interfere with
toxicosis-based conditioning to the exteroceptive en
vironmental cues. However, even in the absence of
the odor (Group B), conditioning to the B+ com
partment was weak and therefore likely to be easily
disrupted. Experiment 2 was designed to repli
cate the finding of Experiment 1 while increasing the
conditioning to B+. Groups B-OE and B of Experi
ment 2 were treated exactly like their counterparts in
Experiment 1. The only difference was that they re
ceived three pairings of B+ with LiCI rather than
two. In addition, Group B-NaCI of Experiment 1
was replaced by Group B-OE-D. This group was
treated exactly like Group B-OE (receiving water plus
odor in B+) except that the lithium injection was
administered 60 min after the animals had drunk in
B+ instead of immediately before. The CS-US delay
was intended to preclude conditioning to B+, since
long-delay environment-illness associations ap
parently do not develop (Best, Best, & Henggeler,
1977). Hence, Group B-OE-D's water intake in B+
during the test phase could be used as a baseline
against which Group B-OE might be compared. If
any conditioning to B+ occurred in Group B-OE,
then these animals should drink less water in B+
relative to Group B-OE-D.

Method
Subjects and Apparatus. The subjects were 18male Long-Evans

rats obtained from Canadian Breeding Farm and Laboratories
(St. Constant, Quebec) at a weight range of 50-75 g. They were
reared in the authors' laboratory until they had attained a mean
weight of 221 g (SO = 21.0 g) and were housed, fed, and watered as
in Experiment 1. Immediately prior to the training phase of the ex
periment, the animals were divided into three groups of six ani
mals each on the basis of their body weights, so that the mean
weights for the three groups were 222, 217, and 225 g.

The apparatus consisted of the W- and B+ boxes of Experi
ment 1. These were again housed in light and dark cubicles, as
described earlier.

Procedure. For 10consecutive days, all rats were given water for
10 min per day in their home cages in order to accustom them to a
drinking schedule.

The training procedure of Experiment 2 was like that of Experi
ment 1 in all unspecified ways. The duration of the training phase
was 15 days. On Training Days 1-3, each rat was placed into W-,
where it was allowed to drink unflavored water for 5 min. Im
mediately thereafter, it was given 10 min of water in its home cage.
Every second day for the next 10 days (Treatment Days 4-13), all
animals received a 5-min water presentation in one of the two
boxes. Four to 5 h after each of these sessions, they were given free
access to water in their home cages for 17.5 h. On Treatment Days
6 and 10, water drinking took place in W- and no injections were
administered. On Treatment Days 4, 8, and 12, the animals were
presented with water in B+. Groups B-OE and B were injected
with lithium chloride (10 mllkg of a .3 M LiCI solution) im
mediately prior to each of these three sessions. Animals in
Group B-OE-D (0 = delay) were given this injection 60 min after
each session had ended. For Groups B-OE and B-OE-D, .2 ml of
oil of eucalyptus was dropped onto a square of filter paper resting
in an open petri dish positioned under the drinking spout in B+.
The odorant was omitted for Group B.

On Treatment Days 14 and 15, all rats were allowed water in
their home cages for 20 min per day.

The test procedure for Experiment 2 was like that of Experi
ment 1 in all unspecified ways. On each test day, all groups were
placed into either W- (Test Days 1-2 and 4-6) or B+ (Test Day 3)
and were presented with unflavored water for 5 min. On Test
Days 1-3, the OE odor was not present for any animal; and on Test
Days 4-6, the OE odor was present in W- for all animals. Im
mediately after each of the six drinking sessions, the rats were
permitted access to water for 20 min in their home cages.

Results and Discussion
The results of Experiment 2 are presented in Fig

ure 2; the mean water intake for each group on each
of the 6 test days is shown.

The data of primary interest are those from Test
Day 3, when all rats received unflavored, unodorized
water in B+. The three groups differed significantly
[F(2,15) = 11.78, p< .001], indicating that the es
sential finding of Experiment 1 was replicated: the
OE odor interfered with conditioning to B+ in
Group B-OE. Pairwise comparisons revealed that
Group B drank less than either Group B-OE [t(10) =
3.59, p < .01] or Group B-OE-D [t(10)=4.65, P <
.001], whereas the latter two groups did not differ
from one another ln> .20]. Comparison (via paired
t tests) of Test Day 3 (B+) water intake with Test
Day 2 (W-) intake showed that Groups B-OE and
B-OE-D drank equivalent amounts in both B+ and
W- (ps > .20), but Group B drank less on Test
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Figure2. Mean"ater Intake for eacbof tbe tbreegroupsIn Ex
periment 2on TestDays1-6.

Day 3 than it had on Test Day 2 [t(5)= 4.23, p <
.01]. Water intake among the three groups did not
differ on Test Day 2 [F(2,15) < 1] but did differ on
Test Day 1 [F(2,15)= 3.77, P < .05]. The latter result
appeared to reflect a generalized suppression of
water intake in W- by Group B on the first test day.
It did not reflect a general tendency for Group B to
drink less fluid than the other two groups. An analy
sis of water consumption in the home cages on the
day immediately prior to Test Day 1 revealed no sig
nificant differences [F(2,15)< 1].

A 3 x 3 (groups x days) ANOVA performed on the
water intake from Test Days 4-6 yielded no groups
effect [F(2,15)= 2.66, p >;10], but did yield a sig
nificant days effect [F(2,30)=33.61, p < .001] and a
groups X days interaction [F(4,30)= 5.66, P < .0025].
This interaction resulted from a strong neophobia to
OE in W- shown by Group B on Test Day 4, a
neophobia that seemed to disappear entirely by Test
Day 6. An independent 2 x 3 ANOVA comparing
Groups B-OE and B-OE-D showed that these groups
did not differ significantly in their overall water in
takes across Test Days 4-6 [F(l,1O)= 1.99, p > .10].
Only the days factor proved significant [F(2,20)=
8.07, P < .005], indicating that the odor aversion
began to extinguish across trials.

The increase in B+ training trials from two to three
had the desired effect of strengthening the condition
ing to the B+ cues in Group B (compare Figures 1
and 2). However, it also increased this group's
tendency to generalize to W-. This generalization is
understandable, since W- had many features in
common with B+. However, the capacity of W- to
suppress water intake seemed to have disappeared by
Test Day 2. When the B+ cues were introduced on
Test Day 3, water intake again fell in Group B,
demonstrating that some conditioning had accrued to
the cues that were specific to the B+ compartment.
Curiously, this group also showed a strong neo
phobia for the OE odor in W- on the following
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The above experiments demonstrated that, when a
strong odor and a distinctive environment are paired
with lithium toxicosis, the odor will interfere with
rather than facilitate conditioning to the environ
mental cues. Caution must be taken, however,
against generalizing too readily from these findings
to all odor-exteroceptive cue interactions. For ex
ample, it is possible that quite different results would
have been obtained had a weaker odorant been used.
Moreover, overshadowing by odor might not have
occurred had exteroceptive stimuli other than diffuse
environmental cues been employed. Galef and
Dalrymple (1981) have shown that the more food
related an exteroceptive (visual) cue is, the more
readily rats will associate that cue with toxicosis.
Specifically, they demonstrated that rats will learn to
avoid a visually novel food more easily than they will
learn to avoid either a visually novel food bin or a
visually novel feeding chamber. The "visual nov
elty" of the food was provided by the color of gelatin
capsules into which the food was placed. Had such a
food-related exteroceptive stimulus been employed in
the present experiments, then facilitation of condi
tioning might have resulted when the OE odor cue
was present on lithium trials. This possibility
deserves further investigation.

A phenomenon observed in the latter portion of
the test phase in both Experiments 1 and 2 is worthy
of note. This is the strong neophobia exhibited by all
groups that had not experienced the OE odor prior to
testing. It might prove worthwhile to see if this is in
deed an "enhanced neophobia" akin to that shown
by Carroll et al. (1975) and Domjan (1977) for taste
stimuli in rats. The parameters of this phenomenon
for odors may be quite different from those for
tastes, and a study of these parameters may help to

GENERAL DISCUSSION

days. It will be recalled that a similar effect had ap
peared in Experiment 1.

Despite the addition of a third conditioning trial,
Group B-OE showed no signs of conditioning to B+.
This group did not differ from Group B-OE-D, in
in which no association between B+ and lithium dis
tress was expected due to the CS-US delay. Further
more, both groups displayed statistically equivalent
odor aversions (Test Days 4-6), indicating that the
6O-min delay in Group B-OE-D had not substantially
retarded the development of an odor-toxicosis associ
ation even though some retardation had been ex
pected (Taukulis, 1974). This might be explained by
the fact that oil of eucalyptus is a strong odorant, one
that may have had a lingering irritant effect on the
nasal mucosae of the rats. This factor could have
bridged the temporal gap between the odor and
lithium distress, thus eliminating much of the delete
rious effect of the delay.
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elucidate the differences between these types of stim
uli as they are used by rats in their regulation of food
intake.
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