
in their movements-especially move- 
ments involving the hind limbs-through- 
out the study. 

Whereas the administration of ethanol 
for only 4 days during the brain growth 
spurt did not interfere with body growth, 
it had a marked effect on brain growth, 
particularly that of the cerebellum. The 
cerebellum grows at a faster rate than the 
rest of the brain during the spurt; cere- 
bellar development consequently tends 
to be particularly vulnerable to insults 
during this period (14). [Our results con- 
firm those of another experiment, in 
which ethanol was administered to rats 
by inhalation throughout the preweaning 
period (15).] However, the fact that eth- 
anol administration produces substantial 
growth deficits in other brain areas dur- 
ing the brain growth spurt should not be 
ignored. This is especially important 
when accounting for the observed be- 
havioral deficits. 

Whether or not the developing CNS 
would compensate, given time, for the 
brain growth and behavioral deficits seen 
by GD 40 remains to be determined. Al- 
though there was gradual improvement 
of motor coordination in the experimen- 
tal animals, the hyperreactivity showed 
no indication of change. 

Blood ethanol levels induced in these 
rats were high, but still within the range 
seen in human female chronic alcoholics 
(16). Since alcohol passes the placenta 
easily, and since fetal blood ethanol lev- 
els approximate those of the mother (17), 
it is likely that the fetus of a drinking 
mother would experience these levels of 
exposure. 

It is clear that while ethanol may act as 
a teratogen early in an organism's devel- 
opment (18), there are critical periods 
later in development that may also be 
vulnerable to the influence of ethanol. 
Although it is difficult to make direct 
comparisons between species, the pres- 
ent data suggest that ethanol could have 
a toxic effect on the development of the 
human CNS relatively late in gestation, 
particularly during the third trimester. In 
fact, clinical studies have reported that 
when mothers who are heavy drinkers 
abstain or reduce their alcohol intake 
during the third trimester, fewer abnor- 
malities occur in their offspring than in 
those of mothers who continue heavy al- 
cohol consumption (19). The present 
study has added to the evidence by dem- 
onstrating that ethanol exposure rela- 
tively late in development can cause mi- 
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UCS intervals can be spanned with ease. 
There are other differences. In classi- 

cal conditioning, when strong and weak 
stimuli are combined into a compound 
CS, the strong component overshadows 
or blocks conditioning to the weak com- 
ponent. In flavor-visceral conditioning 
the opposite is true for laboratory rats; 
strong taste stimuli facilitate condi- 
tioning to odors which are weak signals 
for slow-acting poison when used alone 
(2). Wild predators show a similar effect. 
Coyotes that feed on the tainted flesh of 
their prey and become ill quickly learn to 
avoid live prey without biting, as if the 
odor were a sufficient signal for poison. 
Of course, the predators we tested had 
prior experience with prey, which sug- 
gests that prior associations of prey odor 
with prey taste might facilitate the poten- 
tiation of odor by taste at the time of poi- 
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Abstract. When either taste or odor alone was followed by poison, rats acquired a 
strong aversion for the taste but not for odor, especially if poison was delayed. 
When odor-taste combinations were poisoned, however, odor aversions were poten- 
tiated, as if odor could gain the enduring memorial property of taste by associative 
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soning. To examine the role of prior ex- 
perience with odor and taste, we (i) ex- 
posed rats to novel odor and taste stimuli 
for one or two trials, then (ii) paired the 
same stimulus with poison on a single tri- 
al, and finally (iii) tested aversive reac- 
tions of animals to odor and taste alone 
in separate tests. 

Adult male Sprague-Dawley rats were 
maintained on freely available laboratory 
chow. For a 10-day period, they were de- 
prived of water for 22 hours and habit- 
uated to drinking for a 5-minute trial 
each day in the conditioning chamber (15 
by 20 by 25 cm, plastic) (3). On each tri- 
al, distilled water was available at a 
single stainless steel tube protruding 1.0 
cm from the center of an inverted bottle 

cap (3.0 cm in diameter, 1.5 cm deep). 
The rat had to thrust its muzzle into the 
cap to lick the end of the water tube (Fig. 
1). Licks were counted by a drinkometer 
(Grason-Stadler). The taste CS was 0.1 
percent sodium saccharin in water. The 
odor CS was 0.2 ml of almond extract 
(Schillings) on filter paper behind a wire 
mesh at the back of the bottle cap. The 
poison UCS was an intragastric in- 
tubation of 0.15M lithium chloride (190 
mg per kilogram of body weight) deliv- 

ered shortly (< 5 minutes) after the ani- 
mal was removed from the chamber. 
Rats became lethargic after about 5 min- 
utes and recovered about 2 hours after 
intubation. 

Preliminary exposure and poisoning 
conditions for all groups are shown along 
the abscissa of Fig. 1. For prior experi- 
ence, some rats were exposed to odor 
(O), taste (T), or the compound stimulus 
(OT) on a single day. Other rats were ex- 
posed to each stimulus sequentially (O/ 
T) in counterbalanced order on succes- 
sive days. On the poisoning trial 2 days 
later, animals received O, T, or OT. Two 
days later, all animals were tested with O 
and T separately on successive days (4). 

The overall pattern of results indicated 
the potentiation of odor by taste (Fig. 1). 
In general, during odor tests (Fig. IB), 
drinking decrements depended primarily 
upon an OT association on the poisoning 
trial. Condition O alone on the poisoning 
trial was not sufficient (5). In contrast, 
during the taste tests (Fig. 1A), com- 
parable decrements occurred whenever 
T was present on the poisoning trial, re- 
gardless of any association with O on ei- 
ther the poisoning or the preliminary ex- 
posure trial. 
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Fig. 1. Potentiation of 
odor by taste. Seven 
groups of rats were 
given almond odor (O) 
and saccharin taste (T) 
separately (O/T) or as 
a compound stimulus 
(OT) during the pre- 
liminary exposure trial 
and then again on the 
poisoning trial. Each 
group was then tested 
with taste alone (A) 
and odor alone (B); 
bars represent group 
medians and dots rep- 
resent individual lick 
scores. Water baseline 
is the median number 
of licks on the 2 days 
before the preliminary 
trial; the baseline re- 
mained constant over 
the experiment. In 
(A), group 1 was the 
control group; in (B), 
group 2 was the con- 
trol group. 

Now examine the differential effects 
on the odor tests (Fig. lB). Odor alone 
was ineffective as a single CS whether O 
(group 1) or T (group 2) had been poi- 
soned. However, taste alone was ef- 
fective as a single CS (group 2 in Fig. 
1A). On the taste test, drinking was de- 

pressed when T had been poisoned 
(group 2) but not when O had been 
(group 1). 

An association with taste on the poi- 
soning trial seems to be a necessary con- 
dition for odor potentiation. In group 3, a 

single OT association prior to the presen- 
tation of T on the poisoning trial did not 
result in a decrement on the odor test. 
But for groups 4 and 5, for which OT had 
been poisoned, an odor aversion was 
evident. The aversions of groups 4 and 5 
to the odor component (Fig. IB) were 

stronger (P < .01) than single O condi- 
tioning (group 1 in Fig. lB) and also 
stronger (P < .05) than single T condi- 

tioning (group 2 in Fig 1A). Thus, the 
weak odor signal was potentiated, not 
overshadowed, by the stronger taste sig- 
nal. 

Prior experience with odor and taste 
on separate occasions disrupted the po- 
tentiation effect. For group 7, the stimuli 
were dissociated (O/T) during the prelim- 
inary trial but associated during the poi- 
soning trial; under these conditions, the 
group as a whole did not differ statistical- 
ly from the group conditioned to O 
alone, although two animals did acquire 
very strong odor aversions. For group 6, 
in which the stimuli were associated 
(OT) on both preliminary exposure and 
poisoning trials, potentiation was not 
disrupted; component O was stronger 
(P < .01) than single O (group 1). The ef- 
fect may have been weakened some- 
what, however, in that component O was 
not stronger than single T conditioning 
(group 6 in Fig. lB versus group 2 in Fig. 
1A). Thus, it appears that the association 
of odor and taste at the time of poisoning 
is more important than prior association. 

In many learning situations, the CS 
must be followed immediately by the 
UCS if the organism is to acquire an as- 
sociation. When the CS-UCS interval is 
extended by delaying the UCS, associa- 
tive learning is disrupted. There are two 
traditional explanations. (i) The memory 
trace of the signaling CS rapidly decays 
with time and is not available for associa- 
tive reinforcement by the delayed UCS, 
and (ii) distracting events occur during 
the extended CS-UCS interval and inter- 
fere with the association of the target CS 
with the UCS. Most theorists emphasize 
interference (6). Because eating and 
drinking occur in discrete bouts spaced 
by periods of satiation, taste can be con- 
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sidered an intermittent information chan- 
nel, characterized by low interference 
over extended periods. In contrast, ol- 
faction is a busy channel, as the rat is 
constantly sniffing a variety of odor cues 
in the environment. According to this 
view, taste may be a more effective CS 
than odor for a delayed poison UCS be- 
cause it is protected from interference 
during the CS-UCS interval. To deter- 
mine if potentiated food odors were also 
protected from interference, we exam- 
ined the effect of varied CS-UCS inter- 
vals on an odor CS conditioned either 
alone or with taste. 

The procedures were those shown in 
Fig. 1, except (i) there was no prelim- 
inary exposure to either O or T and 
(ii) the zero delay rats received lithium 
immediately upon being removed from 
the conditioning chamber. Independent 
groups received O, T, or OT; then they 
were intubed with the lithium UCS at 
various delays (Fig. 2) (N = 5 per group 
except for the zero delay groups, where 
N = 13) (7). 

The CS-UCS delay gradients during 
extinction for O and T tested alone are 
illustrated in Fig. 2. The gradient for 
single O conditioning (0-0) was steep; 
the zero delay group acquired a clear 
aversion, but the conditioning was atten- 
uated in the group delayed by 0.25 hour 
and completely abolished thereafter. In 
contrast, the aversion for component O 
after compound OT conditioning (OT-O) 
was not attenuated until the CS-UCS 
delay reached 4 hours. The 0-, 0.5-, and 
2-hour groups all displayed significant 
(P < .05) decrements and did not differ 
from one another. The 4- and 6-hour 
delay groups showed less aversion, 
drinking more than each of the earlier 
groups (P < .05) and less than the 20- 
hour group (P < .05) (8). Furthermore, 
the absence of differences between OT- 
O groups and the T-T or OT-T groups in- 
dicates that potentiated odor had the 
same prolonged delay gradient as taste. 

At zero delay, conditioning to odor 
alone (0-0) appeared as effective as con- 
ditioning to potentiated odor (OT-O), in 
apparent contrast to effects shown in 
Fig. IB (group 1 versus groups 4 and 5). 
Two procedural differences are relevant. 
In the delay study, (i) there was no pre- 
liminary exposure, so a novel CS was 
used on the poisoning trial; and (ii) the 
UCS injection was given immediately 
upon termination of the CS. A novel 
odor CS and prompt poison UCS can 
produce an odor aversion without taste 
potentiation, but when odor is familiar 
and illness delayed (as might be expected 
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Fig. 2. Delay of poison gradients for odor (al- 
mond) and taste (saccharin). Mean licks are 
shown for the extinction tests from groups of 
animals poisoned at various CS-UCS delays 
(log scale). Group 0-0 was poisoned after O 
alone and tested with O alone; group T-T was 
poisoned after T alone and tested with T 
alone; group OT was poisoned after com- 
pound almond-scented saccharin and then 
tested with almond (OT-O) and saccharin 
(OT-T) separately. 

in nature), odor aversions are strongly 
facilitated by taste mediation. 

The peculiar interaction between odor 
and taste may be due to the different 
roles played by the two chemical ana- 
lyzers in mammalian evolution. Olfac- 
tion is a busy multipurpose information 
channel: receptors in the respiratory sys- 
tem extract information from the atmo- 
sphere by constant sniffing. The olfac- 
tory fibers project to the olfactory bulb 
and become so entwined with the limbic 
system that the entire system has been 
called the "nose brain." This system has 
been implicated in a wide variety of emo- 
tions ranging from fear, rage, reproduc- 
tion, and territoriality to hunting and 
feeding (9). If a meal contains a slow-act- 
ing poison, the mammal must retrieve 
the memory of the poisoned food odor 
from a stream of recent odor memories 
that signify not only food but also dan- 
ger, rivals, and mates. Thus, recency, 
primacy, and salience of odors may be 
misleading; a specific indexing system is 
required. 

Taste is ideally suited to index attend- 
ant odors as food-related cues. Taste re- 
ceptors in the oral region extract infor- 
mation from food and water and have a 
special relationship with visceral mon- 
itors of the digestive system. Taste fibers 
project to the same brainstem area that 
receives visceral feedback via the vagus 
and the area postrema. This area plays a 
part in ejecting the poisoned meal from 
the stomach by vomiting and estab- 
lishing an aversion for the taste of that 
meal. Pontine cells respond to both taste 
and hepatic-portal stimulation, further il- 

lustrating the convergence of these two 
systems onto the same central mecha- 
nisms (10). 

Our data demonstrate that when an 
odor is accompanied by taste and fol- 
lowed by visceral feedback from a toxin, 
the odor acquires some of the memorial 
properties of a taste, as if a neural "and- 
gate" allowed the odor information into 
the central mechanisms specialized to 
handle taste and visceral feedback. 
There, odor categorized as a food stimu- 
lus is protected from interference by oth- 
er odors subsequently sniffed by the ani- 
mal and remains available for condi- 
tioning by food effects over long CS- 
UCS intervals. 
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JOHN GARCIA 

Department of Psychology and 
Mental Retardation Research Center, 
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