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MOLINA, J. C., J. SERWATKA AND N. E. SPEAR. Changes in alcohol intake resultingfrom prior experiences with
alcohol odor in young rats. PHARMACOL BIOCHEM BEHAV 21(3) 387-391, 1984.-·Twenty-one day old rats were
exposed to either alcoholor lemonodor, pairedor unpairedwith lithium chloride (LiCl) induced toxicosis, andweretested
7 days later for odor preferences and ethanol intake. Additional control groups received neither the conditioned nor the
unconditioned stimuli and were merely tested on either odor preferenceor alcohol consumption. Ethanol odor exposure
per se resulted in an enhanced ingestion of a 5.6%ethanol solution. Thiseffects wasattenuated by pairing suchexposure
with internal malaise. Furthermore, ethanol odor-LiCI pairings decreased olfactory preferences for ethanol relative to
lemon odor, whereas lemon-LiCI pairings increased ethanolodor preference relativeto lemonodor. Order of testingalso
affected odor preferences. Rats previously tested on ethanol consumption demonstrated a strongrejection of the alcohol
odor when compared to rats initially tested in the olfactory task. These results suggest that early learned and unlearned
experiences with alcohol odor can not only affect subsequent ethanol odor preferences but can also lead to significant
changes in alcohol consumption.
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DIFFERENT species of rodents at an early age utilize olfac
tory cues in processes related to orientation and physical
contact with other members of the species as well as in the
detection, selection, and consumption of food [1, 3, 19]. In
turn, the functional importance of such cues can be modified
by early experiences related with olfactory stimuli. Unrein
forced exposures to odors has resulted in increased prefer
ences towards the odors employed in hamsters [12], guinea
pigs [7] and rats [3, 16, 19]. Generally, these changes in odor
preference have only been observed after long-term expo
sures to such cues. Nevertheless, in a recent study, Caza and
Spear [8] demonstrated that in young rats, a 3-minute expo
sure to a lemon odor was sufficient to increase preference for
that odor relative to a novel odor.

During the last decade, it has also been demonstrated that
rats at a very early age are capable of associating olfactory
stimuli with various reinforcers and they are capable of re
taining this information over long periods of time. Rudy and
Cheatle [24,25] provided evidence which suggests that 2-day
old rat pups are able to associate a novel odor with LiCI
induced illness. These pups also demonstrate retention of
this associative learning over a 6-day interval. Furthermore,
Johanson and Hall [18] observed that l-day old rat pups are
able to use olfactory cues as discriminative stimuli in an
appetitive learning paradigm.

lRequests for reprints should be addressed to N. E. Spear.
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Data from a recent set of experiments in our lab (Molina
et al., in preparation) suggest that olfactory cues might also
playa role in ethanol ingestion, and this role seems to vary as
a function ofthe age of the organism. Twenty-one and 40-day
old rats which were exposed during a 20-minute period to
ethanol odor showed an increased resistance to associate an
alcohol solution with internal malaise, as measured by alco
hol intake. This pre-exposure effect was not observed in
older animals (60 and 80 days of age). Additionally, young
rats retain this olfactory information over a 40-day retention
interval. These data suggest that early olfactory experience
has a significant impact in the acquisition and retention of
subsequent ethanol aversions in the developing rat.

Nachman et al. [21] also noted that the odor of ethanol is
an important component in the development of alcohol pref
erences for certain strains of mice. In rats, forced drinking of
alcohol has resulted in conditioned aversions, not only to the
taste of alcohol, but also to the smell of this drug [6,13]. Our
results coupled with this previous research demonstrate that
both olfactory and taste components can singularly produce
changes in ethanol intake, suggesting that olfaction plays a
significant role in ethanol consumption. Considering our own
data, it appears that there exists some type of ontogenetic
factor that also contributes to the degree in which olfactory
cues affect subsequent ethanol intake. This is congruent with
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FIG. 1. Mean ethanol ingestion as a function of CS exposure
(ethanol or lemon odor, US pairing (paired or unpaired LiCI admin
istration) and OrderofTesting (Ol: Olfactory Preference-Ethanol
Ingestion or 01: Ethanol Ingestion-Olfactory Preference).

previous investigations demonstrating overall food prefer
ences and aversions resulting from early experiences with
olfactory components present in the diets [2, 11, 20].

The present study was designed to further examine pre
weanlings, learned and unlearned experiences with alcohol
odor and their subsequent effects upon alcohol ingestion and
odor preferences.

METHOD

Subjects

The subjects were 61 maleand 70female Sprague-Dawley
derived rats from 14 litters (litter size=8-10 pups). All pups
were born and reared at the breeding colony of the State
University of New York at Binghamton. They were housed
with their parents and conspecifics in standard opaque
maternity cages partially filled with pine shavings until
postnatal day 23, at which time they were weaned. After
weaning and throughout the entire experiment, pups were
kept in the same maternity cages in which they were previ
ously housed with their parents. All subjects were main
tained on a 16 hour light/8 hour dark illumination cycle,
where light onset occurred at 0600hours.
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Apparatus

Odor exposure took place in standard wire mesh cages
(24.5x 17.5x 17.5 em) lined with brown plastic bags. Odor
ants (1.5 cc of absolute ethanol or 2.0 cc of Regal Lemon
Extract) were presented in a cotton ball located in the inte
rior of an acrylic tray which was attached to a clear Plexiglas
top covering the entire apparatus. Odorants were presented
in this fashion in order to prevent rat pups from licking the
stimulus or carrying individual traces of the odors on its
pelage due to any direct physical contact with the cotton.

Odor preference tests were conducted in a
33.0x 14.0x 15.0 em clear Plexiglas box fitted with a screen
floor. This apparatus was divided into 3 equal sections. In
each ofthe 2 end sections, cotton scented with ethanol (1.5
cc) or lemon (2.0 cc) was placed in trays separated by 3 mm
from the screen floor. Located beneath the middle section
was a tray of unscented cotton. Water and ethanol drinking
sessions took place in standard individual wire mesh cages
which had spring grip clamps that supported 10ml (±0.1 ml)
graduated tubes equipped with plastic stoppers and stainless
steel spouts.

Procedure

Subjects were randomly assigned to 8 treatment and 2
control conditions designated by the conditioned olfactory
stimulus [Ethanol (E) or Lemon (L)]; the unconditioned
stimulus [Paired Injection of LiCI (P) or Unpaired (U)] and
the order of testing [Odor Preference-Ethanol Ingestion
(0-1) or vice versa (1-0)]. Control animals received neither
the conditioned nor unconditioned stimuli. One control
group was tested for odor preference (C-O, n""11) while the
other control group was tested only for ethanol ingestion
(C-I, n= 12). On conditioning day (postnatal day 21)the pups
were individually placed in wire mesh cages lined with plas
tic bags. These cages were then covered with plastic tops
containing either unscented cotton, cotton scented with le
mon, or cotton scented with ethanol. Five minutes later,
pups assigned to the lemon-lithium or ethanol-lithium paired
conditions (EP-OI, n=14; EP-IO, n=14; LP-OI, n=13;

LP-IO, n""13) were removed from the apparatus and ad
ministered a 10mg/kg intraperitoneal injection of 0.3 m LiCl.
Animals were then returned to the apparatus for 30 addi
tional minutes. The rest of the experimental animals (EU-OI,
n=14; EU-IO, n=14; LU-OI, n=13; LU-IO, n=13) were
handled exactly as those in the paired groups with the sole
exception being that they were not injected after the first 5
minutes of exposure. After completion of the conditioning
trial and 60 minutes before being returned to their respective
maternity cages, all groups were separately placed in clear
plastic cages containing pine shavings. This was done in
order to avoid immediate contact between subjects exposed
to different odors as well as to permit LiCI injected rats to
recover from the toxic effects before being reunited with the
remaining subjects. As previously demonstrated by
Coombes et at. [10], unpoisoned pups can develop aversions
by being exposed to animals which had prior administration
of a poisoning agent.

Animals assigned to the unpaired LiCI groups (EU-OI,
EU-IO, LU-OI, LU-IO) received the LiCI administration 24
hours after the CS exposure. Once again all subjects were
separated from their conspecifics for a 6O-minute interval
before being returned to their maternity cages.

On Day 23, all subjects were weaned by taking the par
ents out of the home cages. All other aspects related with the
maternity cages stayed the same. Observations within our
laboratory suggest that weaning after such experimental
conditions does not appear to affect the behavioral conse
quences of conditioning.

On postnatal days 26 and 27 all rats were given one daily
adaptation session during which they had 20 minutes' access
to room temperature tap water. On postnatal day 28, animals
in the ethanol and lemon exposed groups were tested for
olfactory preferences as well as for alcohol ingestion. Tests
were separated by an interval of 60 minutes. Rats assigned to
the control groups were only tested for ethanol intake or
odor preference. All animals were placed on a 22-hour water
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RESULTS

FIG. 2. Mean time spent over ethanol odor as a function of CS
exposure (ethanol or lemon odor), US pairing (paired or unpaired
Liel administration) and Order of Testing (01: Olfactory
Preference-Ethanol Ingestion or 10: Ethanol Ingestion-Olfactory
Preference).

deprivation schedule prior to these adaptation sessions as
well as the ethanol intake session.

During olfactory testing, rats were individually placed in
the center of the test chamber. The amount of time spent
localized over the three sections was recorded during a
5-minute period. An animal was considered to be over a
particular odor when its nose and front paws were above that
section.

Alcohol consumption was tested by placing the 22-hour
water deprived animals in the same cages in which water
adaptation sessions were performed. After a 5-minute adap
tation period, all rats were presented with drinking tubes
containing a 5.6% v/v absolute ethanol solution for a period
of 20 minutes. The amount of alcohol ingested during this
time period was recorded. A one-bottle test was employed
instead of a preference test between water and ethanol since
pilot experiments in our laboratory showed that rats of this
age will strongly reject even a 3% v/v ethanol solution when
having simultaneous access to water. Furthermore, the 5.6%
v/v concentration was employed due to the fact that in a
previous one-bottle dose-response study (Molina et al., in
preparation) we observed that this alcohol solution pre
sented alone was ingested at about 50% the rate of water
ingestion during an equivalent amount of time.

Olfactory Preference

Total amount of time spent over the ethanol-scented cot
ton was computed for each animal. The same 3 way ANOVA
previously used to analyze ethanol ingestion revealed a sig
nificant interaction between CS exposure and LiCI pairing,
F(l, 111)=38.9, p<O.OOl. A Fisher test (a=O.05) confirmed
the locus of this interaction by specifying an overall odor
conditioning effect. Groups aversively conditioned to the
ethanol odor (EP-OI and EP-IO) spent less time over that
odor than did their respective controls (EU-OI and EU-IO
and CoO). Opposite differences were seen between animals
conditioned to the lemon odor (LP-OI and LP-IO) and their
respective controls (EU-OI, EU-IO and C-O) with the ex
ception being that the difference between groups LP-IO and
LU-IO, although in the same direction as the above results,
did not reach significance. In other words, ethanol-LiCI pair
ing decreased preference for ethanol relative to lemon odor,
whereas lemon-LiCI pairings increased ethanol odor prefer
ence relative to lemon odor.

Order of testing was also found to exert a significant ef
fect upon odor preference, F(l,1l1)=38.5, p<O.OOI. Rats
previously tested on ethanol intake spent less time over the
ethanol odor than rats that were initially tested in the olfac
tory task. During olfactory testing we observed that rats who
had already been exposed to the drinking session, showed
clear signs of ethanol intoxication (motor incoordination,
hyperactivity, tail stiffening). Probably these animals
avoided ethanol odor as a consequence of a previous asso
ciation of ethanol flavor with subsequent gastrointestinal dis
tress. This is congruent with previous studies which demon
strated that forced alcohol drinking results in aversions
toward the taste and smell of alcohol [6,13].

CS exposure, US pairing and the interactions, CSxOrder
of Testing, USxOrder of testing, and CSxUSxOrder of
testing failed to exert a significanteffect upon the time spent
over ethanol odor.

odor, F(1,11O)=15.4, p<O.OOl. Furthermore, a significant
CSxUS interaction was revealed, F(I,11O)=21.6, p<O.05.
Post-hoc comparisonsemploying a Fisher test with an a set at
0.05 demonstrated an overall conditioningeffect, i.e., group
EP-IO differed significantly from goup EU-IO while differ
ences between groups EP-OI and EU-OI approached signifi
cance. Taken together, these results indicate that rats which
received ethanol odor-LiCI pairings ingested less ethanol
than rats which received these stimuli unpaired.

No significant effects were found when analyzing US
pairing, Order of testing or the interactions, CS x Order of
testing, USx Order of testing, and CSxUS x Order of testing.

These results suggest that passive exposure to ethanol
odor can result in an enhanced preference towards ethanol
solutions while this effect can be attenuated by pairing such
exposure with internal malaise.
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A One Way Analysis of Variance (ANaVA) was per
formed in order to calculate the within groups mean error
term for the 9 treatment conditions. Using this mean error
term a 3 way ANOVA (CSxUSxTest Order) was per
formed. No significant differences were found for water con
sumption across both adaptation sessions.

Ethanol intake was significantly affected by ethanol odor
exposure. Rats exposed to the ethanol odor consumed more
ethanol than subjects exposed to either lemon odor or no

DISCUSSION

The results of this study demonstrate that early experi
ences with alcohol odor can substantially affect ethanol odor
preferences as well as ethanol ingestion. Under the present
experimental conditions, unpaired experiences between
alcohol odor and onset~of internal distress failed to affect
subsequent alcohol odor preference while significantly en
hancing consumption of an ethanol solution. Furthermore,
pairing alcohol with a LiCI injection not only resulted in a
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learned aversion to this olfactory stimulus, but also inhibited
the enhanced ethanol consumption observed in groups which
received unpaired ethanol-Lif'l experiences. It should be
noted that animals which received this pairing but were
tested after the olfactory test did not differ significantly from
the corresponding unpaired control. This could be a result of
the order of testing since subjects in these groups experi
enced a 5-min presentation of the ethanol odor, unreinforced
during testing. This "extinction trial" may have had an ef
fect on the conditioned aversion to ethanol consumption.
Regardless of this, these results appear to be specific to the
ethanol odor experiences since both paired and unpaired
lemon odor-toxicosis presentations failed to affect ethanol
intake, while evidence of a lemon odor aversion was ob
tained through the olfactory preference test.

Order of testing also was a main factor contributing to the
establishment of olfactory preferences. When ethanol intake
preceded the olfactory test rats demonstrated a strong rejec
tion to the ethanol odor (and hence, acceptance of lemon)
even after having received prior reinforced lemon experi
ences. As previously stated in the results, these animals ex
hibited clear behavioral symptoms of ethanol intoxication.
Previous investigators have demonstrated that forced alco
hol intake results in learned aversions to the taste and smell
of this drug [6,13]. Of considerable importance is the fact
that all ethanol solutions employed in this study were pre
pared with absolute alcohol which contains small amounts of
benzene. Additional research [9] suggests that rats are able
to discriminate between 95% and absolute solutions laced
with benzene. Therefore, absolute ethanol could have pro
vided two different orosensory cues, one related to ethanol
and a second one related to benzene. Furthermore, it should
also be noted that ethanol has been employed as an effective
aversive US in taste aversion experiments [4, 5, 17, 26].
Therefore, groups which received the ethanol intake test first
could have associated the orosensory characteristics of
alcohol and/or benzene with aversive consequences resulting
from the ingestion and hence demonstrated aversions toward
the smell of this stimulus.

Taking into account that (a) olfactory experiences mod
ified subsequent ethanol intake and (b) strong olfactory
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aversions resulted from previous ethanol intake (an experi
ence in which probably the most salient cue was the ethanol
taste), these results suggest an interaction between olfactory
and gustatory cues in the control of alcohol preference. Re
cent electrophysiological and anatomical studies support the
hypothesis of a central nervous process in which olfactory
and gustatory information could be integrated. It has been
found that the substantia innominata in the rat brain receives
afferents from the pontine taste nuclei as well as from the
main olfactory bulbs and the prepiriform cortex, these later
structures being related to the processing and transmission
of olfactory inputs [14, 15, 22]. In tum, neurons in the sub
stantia innominata region project to the gustatory cortex and
are activated by the site of edible liquids, and yet remain
unresponsive when nonfood objects are presented to the
animal [23]. Thus, it has been proposed that units in this
particular brain region could function as multimodal units
integrating sensorial information relevant to feeding and
drinking behavior [15].

Independent of the mechanisms by which olfactory expe
riences might affect ethanol intake and how ethanol ingestion
might result in an ethanol odor aversion, however, the pres
ent results confirm and extend previous evidence that early
experiences with odors can produce changes in the con
sumption and preference of substances containing such sen
sorial cues. To our knowledge this is the first set of results
indicating that early learned and unlearned experiences with
ethanol odor can significantly increase, or decrease, con
sumption of alcohol solutions.
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