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RAJACHANDRAN, L., N. E. SPEAR AND L. P. SPEAR. Effects of the combined administration of the S-HT~ antag- 
onist MDL 72222 and ethanol on conditioning in the periadolescent and adult rat. PHARMACOL BIOCHEM BEHAV 
46(3) 535-542, 1993. -The effects of acute ethanol and treatment with the 5-HTa antagonist MDL 72222 on conditioning of a 
visual pattern discrimination and an olfactory context were examined in periadolescent (35-38-day-old) and adult (60- 
70-day-old) rats. In Experiment 1, the effects of acute ethanol exposure on conditioning of a visual pattern discrimination 
(horizontal vs. vertical black and white stripes) and an olfactory context were investigated. The results indicated that a 
moderate dose of ethanol, 2 g/kg, disrupted conditioning at both ages to the visual stimulus but not to the olfactory context 
in which conditioning occurred. This may reflect differential susceptibility of target and contextual learning to the effects of 
ethanol, or might instead confirm previous suggestions that the visual system is more susceptible than the olfactory system to 
the effects of acute ethanol exposure. The effects of 5.0 and 10.0 mg/kg MDL 72222 on the ethanol-induced impairment in 
pattern discrimination conditioning were examined in Experiment 2. Pretreatment with these doses of MDL 72222 did not 
reverse the cognitive impairments produced by acute ethanol exposure at either age. However, MDL 72222 pretreatment 
attenuated the hyperlocomotion evident in ethanol-treated male and female periadolescents and adult females, as indexed by 
the number of crossovers during the preference test. Thus, MDL 72222 does not appear to ameliorate the cognitive impairment 
induced by acute ethanol exposure, although the antagonist was observed to attenuate ethanol-induced hyperlocomotion in 
the same test situation. 

Ethanol Pattern discrimination 5-HT3 antagonist Hyperlocomotion 

ACUTE ethanol exposure is known to stimulate in vivo dopa- 
mine (DA) release from the nucleus accumbens, with this re- 
lease implicated in mediating some of the rewarding effects of 
ethanol (12). Pretreatment with antagonists of the 5-hy- 
droxytryptamines (5-HTs) receptor subtype (ICS 205-930 and 
tropisetron) has been shown in vitro to attenuate increases in 
DA release in nucleus accumbens and striatum secondary to 
ethanol administration (12,32). Recent studies in humans have 
shown that the 5-HT3 antagonist ondansetron can reduce alco- 
hol craving and intake as well as prevent withdrawal associ- 
ated with chronic alcohol exposure (12). It is not yet known 
whether 5-HT3 antagonists can reduce other consequences of 
ethanol exposure, such as the cognitive impairment in condi- 
tioning that is often seen following acute ethanol exposure in 
both human and rodent models (1,7,16,22,30). However, 5- 

HT3 antagonists have been implicated in the enhancement of 
normal cognitive function and in reversing cognitive deficits in- 
duced by scopolamine (3,9). Although the exact mechanism by 
which 5-HT3 antagonists may facilitate cognitive performance 
is still a topic of much investigation and speculation, a seroton- 
ergic/cholinergic mechanism has been postulated (3,12). 

Two experiments were conducted to assess the effects of 
the 5-HT3 antagonist MDL 72222 on conditioning in the rat 
following acute ethanol exposure. The effects of acute ethanol 
exposure on conditioning of a pattern discrimination and an 
olfactory context were assessed in Experiment 1, whereas Ex- 
periment 2 examined the influence of pretreatment with MDL 
72222 on ethanol-induced alterations in conditioning in the 
pattern discrimination task. Both periadolescent (35-38-day- 
old) and adult (60-70-day-old) rats were used in these experi- 
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ments given that, although there is frequent consumption of 
alcohol among the teenage population (33), very little is 
known about the effects of ethanol in either periadolescent 
humans or laboratory animals. 

METHOD 

Subjects 

Subjects used in Experiments 1 and 2 were 412 female and 
male Sprague-Dawley rats born and reared in two separate 
Binghamton University breeding colonies. Animals were 
tested at one of  two ages: periadolescent (35-42 days postna- 
tal) and adult (60-70 days postnatal), with each animal being 
tested at only one age. Half  of the subjects were housed in a 
temperature-controlled colony room on a 14L : 10D (0800- 
2200 h) light schedule (colony room 1) while the other animals 
were housed in a similar colony room on a 12L : 12D (0700- 
1900 h) light schedule (colony room 2). Colony room of  origin 
was used as a variable in data analysis. All subjects were han- 
dled for 5 min daily for 3-5 days prior to being used in these 
procedures. 

Apparatus 

Conditioning was conducted in a patterned chamber (35 
x 13 x 13 cm for periadolescents; 35 × 15 x 15 cm for 
adults) with solid black Plexiglas chambers of  the same dimen- 
sions being used to deliver foot shock for animals in the un- 
paired condition. The walls of one side of  each patterned 
apparatus consisted of  horizontal white/black stripes, while 
the other side consisted of  vertical white/black stripes. The 
width of each stripe was approximately 1.9 cm. Chambers 
were fitted with stainless steel grid floors connected to a vari- 
able intensity shock generator and scrambler (Grason Stadler 
shock generator). A strip of cotton scented with 2 cc of orange 
odor (Spectrum Laboratories) was placed under the grid floor 
so that it covered the bottom area of  both patterned chambers. 
Discrimination testing was conducted in the same patterned 
chambers used for conditioning at both ages, but with no 
partition between the two compartments. A similar strip of 
cotton scented with 2 cc of  orange odor (Spectrum labora- 
tories) was placed under the grid floor during testing. A clear 
Plexiglas test apparatus (60 x 13 x 25 cm) was employed for 
the odor preference test in Experiment 1 for adults as well as 
adolescents. This apparatus had a similar grid floor, with 
strips of cotton scented with 1 cc of  lemon odor (Humco) 
being placed underneath the floor on one side and 1 cc of 
orange odor placed underneath the other side. Stainless steel 
feeding tubes (20 ga for periadolescents, 16 ga for adults) were 
used to administer the alcohol intragastrically. 

Design 

For Experiment 1, 10 to 12 animals at each age were ran- 
domly assigned to each of the eight treatment conditions de- 
fined by a two treatment (saline or 17% ETOH) x two condi- 
tioning procedure (unpaired vs. paired) x two type of test 
(pattern discrimination vs. odor preference test) factorial de- 
sign. Each animal was tested only once, and animals were 
semirandomly assigned to the eight treatment conditions, with 
the constraint that the sex of animals be equated to the extent 
possible in each treatment condition. In Experiment 2, 9-10 
animals at each of  the two test ages were semirandomly as- 
signed (equating sex within each treatment condition) to each 
of the 12 treatment conditions defined by a two treatment 

(saline vs. alcohol) × three drug (vehicle, 5 or l0 mg/kg/cc  
MDL 72222) x two condition (paired vs. unpaired) factorial 
design. 

Drugs 

Based on pilot testing conducted to determine a dose of 
ethanol that appeared to be effective in altering test perfor- 
mance at each age, an intragastric dose of 2 g/kg of  17°/0 w/v 
ETOH prepared in distilled water was chosen for these experi- 
ments. Control animals received an equivalent volume of sa- 
line intragastrically. Doses of  5 and 10 mg/kg of  MDL 72222 
were chosen for use as these doses were observed in pilot 
testing to have minimal effects on baseline locomotor activity, 
in contrast to the marked hypoactivity induced by higher (15 
and 20 mg/kg) doses of MDL 72222 (10). In both experiments, 
intubations of  ethanol or saline were given 10 min prior to the 
onset of conditioning (or foot shock exposure for animals in 
the unpaired group). MDL 72222 was dissolved in one drop 
of glacial acetic acid, taken to volume with saline, and ad- 
justed with NaOH to a final pH of  5.5. 

In Experiment 2, MDL 72222 or vehicle was administered 
intraperitoneally (IP) 20 min prior to intubation with alcohol 
or saline. 

Pattern Conditioning Procedure 

At the onset of  conditioning, paired animals were placed 
in the vertical white/black stripes compartment (CS - ) of the 
apparatus for 20 s and then placed immediately in the horizon- 
tal white/black stripes compartment (CS+)  for 20 s. Foot 
shocks of 3 s duration (1.0 mA) were delivered during seconds 
8-10 and 18-20 of placement in the horizontal stripes com- 
partment (CS+) .  The entire apparatus was scented with 2.0 
ml of orange odor. Paired animals received six trials of condi- 
tioning separated by a l-rain intertrial interval, during which 
time they were placed in a holding cage. Unpaired animals 
were exposed to six trials of  foot shock, each separated by a 
1-min intertrial interval, in a black Plexiglas apparatus in an 
odor-free room. For these exposures, the animals were placed 
into one side of the foot shock exposure apparatus for 20 s 
and then immediately placed into the other side of  the appara- 
tus for 20 s where they received two foot shocks as described 
above. After completion of the last foot shock, each unpaired 
animal was returned to a holding cage for 10 min. The un- 
paired animals then received six unreinforced exposures (each 
separated by a l-rain interval in the holding cage) to both 
the vertical stripes compartment and the horizontal stripes 
compartment for 20 s each, with both sides of the apparatus 
being scented with orange odor. 

Testing 

In Experiment 1, 25 min after the delivery of  the last foot 
shock, half of the animals in each group were examined for 
freezing behavior (see below) emitted in the CS + as well as 
the C S -  compartment followed 2 min later by a preference 
test between the CS+  and C S -  chambers. The remaining 
animals were examined for freezing behavior emitted in the 
presence of the contextual odor (orange) and a novel odor 
(lemon) followed 2 min later by a contextual odor preference 
test. In Experiment 2, only the C S + / C S -  test of  freezing 
behavior followed by a C S + / C S -  preference test was em- 
ployed for all animals. 

Assessment of freezing. For the examination of freezing 
behavior in the CS + and C S - ,  animals were placed in one 
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side of  the patterned compartment of  the conditioning appara- 
tus for 3 min and then placed into the other compartment for 
an additional 3 min; during these observation periods, orange 
odor was present in the chambers, as was the case during 
conditioning. Order of presentation of  the different compart- 
ments was counterbalanced within this group. The frequency 
(number of  bouts of  freezing) and duration of  freezing behav- 
ior emitted by the animals during exposure to the CS + and 
C S -  chambers were recorded continuously using a button 
keyboard connected to an Apple IIe computer. For the mea- 
surement of  freezing behavior in the context odor or a novel 
odor, each animal was placed on one side of a divided clear 
Plexiglas chamber for 3 min followed by placement on the 
other side for an equivalent amount of  time. One side of the 
chamber was scented with the contextual odor used during 
conditioning (orange) while the other half was scented with a 
novel odor (lemon). Order of  odor exposure was counterbal- 
anced. Again, frequency and duration of freezing behavior 
emitted on each side of the apparatus were recorded during a 
3-min observation period as outlined above. 

Preference testing. The C S + / C S -  preference test was 
conducted in the conditioning apparatus, with the same con- 
textual odor being placed under both sides of  the apparatus 
as during conditioning. Each animal was placed in the center 
of  the apparatus (randomly oriented either towards or away 
from the experimenter) and allowed to locomote freely be- 
tween the two compartments. The criterion for being on either 
side of  the apparatus was that the snout and two front paws 
were on that side of  the apparatus. The amount of  time spent 
on the horizontal striped side of the apparatus (the CS + side) 
was cumulatively recorded each minute for a test duration of 
5 min. For the contextual odor preference test, animals were 
given an odor preference test between orange odor (the con- 
textual odor used during conditioning) and a novel odor 
(lemon). Each animal was placed on the midline axis of  the 
clear Plexiglas apparatus and allowed to locomote freely over 
both sides of  the apparatus. The amount of time spent over 
the orange-scented side of  the apparatus was cumulatively re- 
corded each minute during the 5-min test. 

Activity testing. The number of  whole body crosses from 
one side of  the preference test apparatus to the other was 
recorded for each minute of  the preference test in Experiment 
2 as an index of  locomotor activity. 

Assessment of  Blood Alcohol Levels 

An additional 10 animals (five males, five females) at each 
age were sacrificed to determine blood alcohol concentrations 
52 min following intragastric administration of  a 2 g/kg dose 
of  17°70 ethanol. This time period was chosen to reflect ap- 
proximate blood alcohol levels at the time of  test. Experimen- 
tal animals were sacrificed by decapitation and trunk blood 
was immediately collected. Blood from nonethanol-treated 
animals at each age was similarly collected and used in the 
preparation of  standards. Blood alcohol levels (BALs) were 
measured by spectrophotometry, using an alcohol dehydroge- 
nase-based assay procedure derived from Howerton and col- 
leagues (14) and adapted for use in our laboratory [e.g., see 
(15) ] .  

RESULTS 

Experiment 1 

The amount of  time spent on the CS + side (visual prefer- 
ence test) and on the contextual odor side (odor preference 

test) was separately analyzed at each age using a two (sex) x 
two (colony room) x two treatment (alcohol or saline) x 
two condition (paired vs. unpaired) x five Blocks of  Time 
repeated measures analysis of  variance (ANOVA) across time. 

CS + / C S -  Visual Preference Test 

Analysis of these data revealed no significant effects of sex 
or colony room of origin. The ANOVAs revealed significant 
main effects of  treatment, F(1, 32) = 7.283, p < 0.05, F(1, 
24) = 8.699, p < 0.05, and condition, F(1, 32) = 4.993, p 
< 0.05, F(1, 24) = 15.227,p < 0.05, for periadolescents and 
adults, respectively (Fig. 1). In addition, at both ages there 
was also a significant treatment x condition interaction, F( I ,  
32) = 6.786, p < 0.05, F( I ,  24) = 15.239, p < 0.05. Tu- 
key's tests conducted comparing paired and unpaired animals 
within each treatment group at each age indicated that paired 
animals that received saline spent significantly less time on the 
CS + side than unpaired saline animals, indicating condition- 
ing. In contrast, as can be seen in Fig. 1, there were no signifi- 
cant differences at either age in the amount of time spent on 
the CS + side between paired and unpaired animals treated 
with ethanol, indicating an ethanol-induced disruption of  con- 
ditioning in these animals. 

Contextual Odor Preference Test 

These data revealed a significant main effect of  condition, 
F( I ,  35) = 14.753, p < 0.05, F(I ,  26) = 17.747, p < 0.05, 
for periadolescent and adult animals, respectively. There was 
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FIG. 1. Mean time (seconds + SEM) per minute spent in the CS + 
for periadolescent (A) and adult (B) unpaired (UP) and paired (P) 
animals following administration of alcohol (AL) or saline (SAL). 
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also a main effect of time, F(4, 140) = 4.578, p < 0.01, in 
the periadolescent data. Tukey's tests revealed that at both 
ages paired animals spent significantly less time in the presence 
of the contextual orange odor than unpaired animals, regard- 
less of treatment with alcohol or saline (Fig. 2). The main 
effect of time in the periadolescent data reflects a decrease in 
the amount of time spent in orange (context) odor during 
minutes 4 and 5 relative to earlier minutes (Fig. 2). Thus, 
whereas ethanol disrupted visual conditioning or its expression 
in the visual preference test, no ethanol-related disruption in 
conditioning to the contextual odor was observed in peri- 
adolescents and adults pretreated with alcohol or saline. 

Freezing Behavior Tests 

The frequency and duration of the occurrence of freezing 
behavior during the two types of tests (CS + / C S -  and con- 
textual odor/novel odor) were initially analyzed for order ef- 
fects. Preliminary analyses of these data revealed several order 
effects; therefore, analysis of the frequency and duration of 
freezing behavior was conducted only in the initial test situa- 
tion by a two (treatment) x two (condition) x two (test situ- 
ation) ANOVA. In these analyses, due to the reduced amount 
of data available for analysis, sex or colony room of origin 
were not included as factors. The analysis of the frequency of 
freezing behavior in adult animals revealed only a main effect 
of condition, F(1, 24) = 6.833, p < 0.05, in adult animals 
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FIG. 2. Mean time (seconds :1: SEM) per minute spent in the contex- 
tual orange odor for periadolescent (A) and adult (B) unpaired (UP) 
and paired (P) animals following administration of alcohol (AL) or 
saline (SAL). 

in the visual test of conditioned behaviors. Paired animals, 
regardless of treatment or test situation (placement in CS + 
vs. C S - ) ,  exhibited more freezing bouts (8.0 _+ 0.9) than 
their unpaired counterparts (4.9 + 0.9). 

Analysis of the frequency of freezing in periadolescents 
revealed only significant main effects of treatment, F(1, 39) 
= 7.014, p < 0.05, and test situation (contextual vs. novel 
odor), F(1, 33) = 4.731, p < 0.05, in the context vs. novel 
odor test. Tukey's tests revealed that ethanol-treated animals 
exhibited more bouts of freezing (4.1 _+ 0.7) compared to sa- 
line-treated animals (2.1 + 0.4) and animals placed in the 
novel lemon odor exhibited more freezing bouts (4.1 + 0.7) 
relative to animals in the contextual orange odor (2.3 _+ 0.5). 
There were no significant effects with regard to the duration 
of freezing behavior at either age in the visual or odor tests. 

Experiment 2 

Data from the visual preference test and the crossover mea- 
sure were analyzed at each age using a five-way ANOVA: two 
colony room x two sex x two treatment (alcohol vs. saline) 
x three drug (0, 5, 10 mg/kg MDL 72222) × two condition 
(paired vs. unpaired). The frequency and duration of freez- 
ing behavior were analyzed at each age as outlined in Experi- 
ment 1 using a two condition × two treatment × three drug 
ANOVA. Post hoe analyses were conducted using Tukey's 
tests as discussed previously. 

CS + / C S -  Visual Preference Test 

The ANOVAs of the preference data (Fig. 3) revealed sig- 
nificant main effects of condition, F(1, 68) = 46.380, p < 
0.001,/:(1, 68) = 42.153,p < 0.001, and treatment, F( l ,  68) 
= 15.784, p < 0.001, F(I,  68) = 44.957, p < 0.001, for 
periadolescent and adult animals, respectively. In addition, at 
both ages there was also a significant treatment x condition 
interaction, F(I,  68) = 41.61,p < 0.001, F(1, 68) = 46.438, 
p < 0.001. Tukey's tests revealed that paired saline animals at 
both ages spent significantly less time in the CS + (horizontal 
stripes compartment) than the unpaired saline animals, indi- 
cating conditioning. In contrast, as can be seen in Fig. 3, 
there were no significant differences between the paired and 
unpaired alcohol-treated animals in the amount of time spent 
on the CS+ side of the apparatus at either age, indicating 
a lack of conditioning following ethanol treatment in these 
animals. There were no effects of MDL 72222 pretreatment 
on performance in this test in either animals receiving saline 
or alcohol. Thus, administration of doses of 5 or 10 mg/kg of 
MDL 72222 prior to intubation with alcohol did not reverse 
the impairment in visual conditioning induced by alcohol in 
periadolescent and adult animals. 

The ANOVA for adult animals also revealed a significant 
treatment x sex x colony room interaction, F(1, 68) = 
4.071, p < 0.05, and treatment x drug x sex interaction, 
F(2, 68) = 3.274, p < 0.05. Tukey's tests were conducted on 
data collapsed across drug and condition to determine the 
locus of the treatment x sex x colony room interaction. 
These tests revealed that males from colony room 1 that re- 
ceived alcohol spent significantly more time in the CS+ 
(mean ___ SEM in s: 41.7 + 2.4) than males receiving alcohol 
from colony room 2 (32.3 +__ 2.5). Analyses of the treatment 
x drug x sex interaction (on data collapsed across condition 
and colony room) revealed only that male animals that re- 
ceived vehicle and alcohol spent more time on the CS + side 
(41.0 :t: 3.4) than females receiving the same treatments (29.9 
+ 2.4). 
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FIG. 3. Mean time (seconds ± SEM) per minute spent on the CS + 
by periadolescent (A) and adult (B) animals during the CS + / C S -  
preference test. Animals were pretreated with either vehicle (0), 5, or 
I0 mg/kg MDL 72222 prior to intragastric administration of saline 
(SAL) or ethanol (ETOH). 

Crossover Data 

The number of whole body crosses measured during the 
preference test (Fig. 4) was analyzed at each age using a five- 
way ANOVA and post hoc Tukey's tests as outlined previously 
for the visual preference test data. The ANOVA of the peri- 
adolescent data revealed significant main effects of drug, F(2, 
68) = 6.946, p < 0.01, treatment, F(I ,  68) = 32.792, p < 
0.01, and time, F(4, 272) = 31.721, p < 0.001, along with a 
significant condition x treatment interaction, F(1, 6 8 ) =  
4.300, p < 0.05, and a significant drug x treatment interac- 
tion, F(2, 68) = 3.103,p < 0.05. There was also a significant 
condition x treatment x colony room interaction, F(1, 68) 
= 4.116, p < 0.05. The significant main effect of time re- 
flects a significant decrease in the number of whole body 
crosses across all 5 min of the preference test (data not 
shown). Tukey's tests to determine the locus of the condition 
x treatment interaction indicated that paired periadolescent 
saline-treated animals exhibited fewer crossings than paired 
alcohol-treated animals, whereas there were no significant dif- 
ferences in the number of crosses made between unpaired ani- 
mals given saline or alcohol. These findings reflect a tendency 
for paired saline-treated animals to exhibit fewer crossings 
than their unpaired counterparts, a trend that was not evident 
in ethanol-treated periadolescents (Fig. 4). Tukey's tests con- 

ducted to determine the locus of the condition x treatment 
x colony room interaction revealed only that paired alcohol 
animals from colony room 1 (1.7 + 0.2) made more crosses 
than their counterparts from colony room 2 (1.0 + 0.1). With 
regard to the drug x treatment interaction, animals receiving 
alcohol alone exhibited significantly more crosses than ani- 
mals receiving saline. Tukey's tests failed to reveal any signifi- 
cant differences in the number of crosses exhibited between 
animals receiving saline and pretreated with the 0, 5, or 10 
mg/kg doses of MDL 72222. However, animals in the alco- 
hol/vehicle group exhibited significantly more crosses than 
animals receiving alcohol and pretreatment with either the 5 
or 10 mg/kg dose of MDL 72222. Thus, as can be seen in Fig. 
4, the ethanol-induced increase in crossovers was attenuated 
by both test doses of MDL 72222. 

Analysis of the adult crossover data (Fig. 5) revealed signif- 
icant main effects of treatment, F(1, 64) = 11.344,p < 0.01, 
condition, F(1, 64) = 6.516, p < 0.001, sex, F(I,  64) = 
4.757, p < 0.05, and time, F(4, 256) = 23.646, p < 0.05, 
along with a significant four-way drug × sex x condition 
x treatment interaction, F(2, 64) = 4.066, p < 0.05. There 
was also a significant condition x sex x colony room inter- 
action, F(I,  64) = 5.518, p < 0.05. Adult animals showed a 
significant decrease in the mean number of crosses across all 5 
rain of the preference test (data not shown). Generally, paired 
animals exhibited fewer crosses than unpaired animals, female 
animals made more crosses than males, and animals that re- 
ceived alcohol made more than saline animals. However, these 
main effects were tempered by the significant four-way inter- 
action of drug x sex x condition x treatment. As can be 
seen in Fig. 5B, female unpaired animals given alcohol and 
vehicle were more active in terms of crossovers than females 
given saline and vehicle alone. This ethanol-induced increase 
in activity was not evident in adult unpaired males; indeed, as 
can be seen in Fig. 5A, unpaired adult males tended to exhibit 
a decrease in crossovers in response to ethanol alone, although 
this difference was not significant. The ethanol-induced in- 
crease in activity in adult unpaired females was attenuated by 
the low dose of MDL 72222. In contrast, unpaired males 
treated with alcohol and 5 mg/kg of MDL 72222 showed an 
increase in crossovers compared to unpaired males given vehi- 
cle and alcohol. Male unpaired animals receiving saline and 
the vehicle exhibited significantly more crosses than paired 
animals given the same treatments; a nonsignificant trend in 
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FIG. 4. Mean number of crosses (± SEM) exhibited by unpaired 
(UP) and paired (P) periadolescents during the 5-rain CS+/CS-  
preference test. Animals were pretreated with either vehicle (0), 5, or 
10 mg/kg MDL 72222 prior to intragastric administration of saline 
(SAL) or ethanol (ETOH). 
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CS+/CS-  preference test. Animals were pretreated with either vehi- 
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this direction was also seen in comparably treated females. 
Tukey's tests conducted to determine the locus of the condi- 
tion × sex × colony room interaction revealed only that 
male unpaired animals from colony room 2 (1.1 + 0.2) made 
significantly more crosses than unpaired male animals from 
colony room 1 (0.6 ± 0.1). 

CS + / C S -  Freezing Behavior Test 

Analysis of the frequency of freezing behavior in the pres- 
ence of the CS + and C S -  in periadolescent animals revealed 
only a treatment x drug × condition interaction, F(2, 86) 
= 3.72, p < 0.05. Tukey's tests revealed that vehicle/saline- 
treated unpaired periadolescents exhibited more bouts of 
freezing (5.0 ± 1.0) than their vehicle/saline-treated paired 
counterparts (1.8 ± 0.6); this difference between paired and 
unpaired animals was not seen in vehicle/alcohol-treated peri- 
adolescents (paired: 3.0 + 0.9, unpaired: 2.4 ± 0.9). The du- 
ration data for periadolescents revealed only a main effect of 
treatment, F(I,  83) = 6 . 1 1 1 ,  p < 0.05. Alcohol-treated ani- 
mals showed a greater duration of freezing behavior (64.7 + 
6.5) than saline-treated animals (43.4 ± 5.7), an effect that 
was seen in both the CS + and C S -  test. The frequency of 
freezing behavior in adult animals revealed a significant treat- 
ment x test situation interaction, F( l ,  92) = 6.22,p < 0.05, 
although Tukey's tests revealed no significant differences be- 
tween the groups. However, there was a trend in these data 
for saline-treated animals receiving the CS + test to exhibit 
more freezing bouts (3.9 + 0.3) than their counterparts in the 

C S -  test situation (3.1 _+ 0.5), whereas there was a trend 
for alcohol-treated animals in the CS + test to exhibit fewer 
freezing bouts (3.1 ± 0.3) than their counterparts in the C S -  
test (4.1 ± 0.3). The analysis of the duration of freezing be- 
havior in adults revealed no significant effects. 

Blood Alcohol Concentration 

A two (age) x two (sex) ANOVA on the blood alcohol 
level (BAL) data revealed a significant main effect of age, 
F(I,  16) = 5.085, p < 0.05, with periadolescents exhibiting 
slightly higher BALs (135.05 + 11.68 mg/dl) than adults 
(98.59 + 12.70 mg/dl) at a time equivalent to the onset of 
testing. There was no main effect or interaction of sex in this 
ANOVA. 

DISCUSSION 

In Experiment 1, acute alcohol exposure in adult and peri- 
adolescent rats was observed to interfere with conditioning to 
a visual CS+ but not an odor context. At both ages, animals 
pretreated with alcohol failed to learn a CS-US association 
with a visual CS + ,  conditioning that was evident in saline- 
treated periadolescents and adults. In contrast, ethanol had 
no effect on conditioned avoidance of the contextual odor in 
either periadolescents or adults. Taken together, the prefer- 
ence data from Experiment I provide evidence that acute alco- 
hol administration differentially affects different aspects of a 
simple classical conditioning procedure. 

There are several potential explanations of the differential 
effect of ethanol on the visual vs. odor preference tests. Gen- 
eral context conditioning may be less susceptible to disruption 
by ethanol than the learning of a specific CS-US association, 
as evidenced by the visual preference test. Alternatively, it is 
possible that olfactory learning is more resistant to the detri- 
mental effects of ethanol than is visual learning. There is some 
evidence to support this latter suggestion. For instance, acute 
alcohol administration to 21-day-old rats was not observed to 
impair conditioning to an olfactory stimulus, but did disrupt 
the acquisition of a conditioned aversion to a visual cue paired 
with a foot shock (20). This effect was observed both when 
the visual or odor cue was presented as a single element condi- 
tioned stimulus or as part of an odor/visual compound stimu- 
lus. (The latter might be seen as more analogous to the present 
study, where the learning of the visual'discrimination occurred 
within the context of an odor.) According to the results of the 
present study, the relative resistance of olfactory conditioning 
to ethanol disruption appears to be maintained in periadoles- 
cence and adulthood, suggesting that the well-established 
sense of olfaction may be more resistant to the effects of 
ethanol throughout life. The validity of this suggestion will 
become clearer when amodal characteristics (e.g., intensity) 
of the alternative stimuli are equated. 

Despite the slightly higher BALs of periadolescent animals 
at the time of test relative to adult animals, there were few 
differential effects of ethanol at the two test ages. Both peri- 
adolescents and adults exhibited an ethanol-related disruption 
of visual conditioning and a lack of effect of ethanol on condi- 
tioning to the olfactory context. These findings appear to be 
fairly generalizable, in that few effects of sex or colony room 
of origin were seen during analysis of these data. Thus, in 
terms of preference test performance, there was no evidence 
for any marked differential influence of ethanol in adoles- 
cence as compared to adulthood. There has been little prior 
investigation of the effects of ethanol on conditioning during 
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periadolescence, and hence additional work is needed to deter- 
mine the generality of  these findings. 

The failure of  MDL 72222 to restore conditioning in etha- 
nol-treated periadolescent and adults observed in Experiment 
2 suggests that blockade of 5-HT3 receptors, a manipulation 
that presumably decreases dopamine release in the nucleus 
accumbens, is not sufficient to ameliorate ethanors effects 
observed on learning in this paradigm. It is not the case that 
behaviorally ineffective doses of  MDL 72222 were used, given 
that MDL 72222 was effective in attenuating the ethanol- 
induced hyperlocomotion that was seen in periadolescents as 
well as adult females during the preference test situation. The 
lack of  protective effects of  MDL 72222 on cognitive function- 
ing in ethanol-treated animals was somewhat surprising given 
that 5-HT3 antagonists have been previously observed to re- 
verse scopolamine-induced cognitive impairments (3) and to 
attenuate the reinforcing effects of ethanol (27). Yet, it is 
possible that the locus of  ethanol's effects on cognitive pro- 
cesses does not involve the mesolimbic DA areas in the brain. 
As mentioned previously, ethanol in low to moderate doses 
induces DA release from mesolimbic structures like the nu- 
cleus accumbens (5). This property of ethanol is thought to 
contribute to its reinforcing/rewarding effects and can be suc- 
cessfully blocked by administration of 5-HT3 antagonists like 
MDL 72222 and ICS 205-930 (5). Since there was no reversal 
of the cognitive impairment in animals pretreated with MDL 
72222 and intubated with alcohol, it appears more likely that 
ethanol's disruption of cognitive processes may be mediated 
by its effects on other brain structures (6). 

Analysis of the crossover data revealed that periadolescent 
animals pretreated with vehicle and intubated with ethanol 
were more active during the preference test than vehicle ani- 
mals intubated with saline. Similarly, adult female (but not 
male) unpaired animals treated with alcohol alone exhibited 
more crossovers than their counterparts treated with saline. 
These ethanol-related increases in activity during the prefer- 
ence test were somewhat surprising. Although low doses of 
ethanol frequently increase activity in mice [see (13) for re- 
view], suppressant effects of  ethanol on locomotion typically 
have been observed in rats in open field or activity cage testing 
[e.g., (24,25,31), but see also (11,18,22) for exceptions]. In 
contrast, ethanol has been reported to increase intertrial cross- 
ings in rats acquiring or performing an active avoidance task 
(13) and to increase running speed during extinction of  an 
escape task (26). Indeed, ethanol has been observed to prevent 
the decrease in open field activity normally seen in adult male 
rats following exposure to a mild stressor (2,28,29). Given 
that all animals in the present study had received foot shock 
prior to the preference test, it is possible that the increase in 
crossovers seen during preference testing in the ethanol- 
treated animals is a result of  an ethanol-related blockade of 
the suppression in locomotion induced by prior exposure to 
foot shock. 

It is not clear why this ethanol-induced increase in activity 
during the preference test was not evident in adult male rats. 
Although sex differences in locomotor activity following etha- 
nol rarely have been reported [e.g., see (13)], there is one 
report of an ethanol-related increase in open field activity in 
females that was not evident in males, although this sex differ- 
ence was evident only in Maudsley reactive, and not Sprague- 
Dawley, rats (11). Perhaps more to the point, studies to date 
examining the effects of prior stress on locomotor activity 
in ethanol-treated animals have not examined potential sex 
differences in this effect. The results of  the present study ten- 
tatively suggest that adult female rats may be more responsive 

than males to an ethanol-related blockade of  the stress- 
induced suppression in locomotion, with this sex difference 
emerging following puberty. In support of  this possibility, 
there is recent neurochemical evidence that the dopamine sys- 
tem of  adult female rats may be more sensitive than that of  
males to the effects of  acute ethanol exposure (4). Ethanol 
induces increases in extracellular levels of  dopamine in stria- 
turn and nucleus accumbens in female rats, whereas ethanol- 
induced increases in dopamine are seen only in striatum in 
males (4). Given that specific environmental factors such as 
shock and acute ethanol exposure appear to increase dopa- 
mine release (8,19), these regional sex differences in ethanol- 
induced dopamine release may be related to the increased sus- 
ceptibility of  adult females to the locomotor stimulant effects 
of ethanol following prior stress. 

It is possible that the increase in crossovers observed during 
the preference test in periadolescents and adult females could 
have contributed to the ethanol-induced impairment in perfor- 
mance of these animals on the visual preference test. This 
possibility is unlikely, however, given that pretreatment with 
MDL 72222 attenuated this ethanol-induced increase in activ- 
ity during the preference test without improving the perfor- 
mance of  ethanol-treated animals on the preference test per 
se. Indeed, both doses of  MDL 72222 used in this experiment 
attenuated the increase in crossovers seen following acute eth- 
anol exposure in periadolescent animals and adult females. 
This attenuation is reminiscent of that reported previously by 
Reith where administration of the 5-HT3 antagonists zacro- 
pride and ICS 205-930 was shown to significantly attenuate 
cocaine-induced locomotor activity in mice (23). Reith con- 
cluded that this effect was not due to the general sedating 
properties of  these antagonists (23). In the present test situa- 
tion, MDL 72222 did not suppress baseline levels of activity 
in periadolescents or adult females, and hence the attenuation 
of ethanol-induced activity in these animals likewise does not 
appear to be the result of  a general sedative effect. Thus, in 
contrast to the lack of  effects of MDL 72222 in reversing the 
cognitive impairing effects of ethanol, both doses of  MDL 
72222 attenuated the hyperactivity induced by ethanol in this 
testing situation. 

The assessment of freezing behavior in these experiments 
did not provide a clear delineation of  alcohol's effects on the 
conditioning process. Generally there were very few condition- 
ing effects in these data, and the effects that were observed 
did not provide a valuable addition to the preference test mea- 
sure. It is possible that the assessment of  behavioral responses 
like freezing is dependent on the particular circumstances of 
the test situation. Perhaps if the CS was presented as a more 
discrete, punctate stimulus after the animal had been allowed 
to acclimate to the test situation, a better indication of condi- 
tioned suppression of activity (freezing) might have been ob- 
tained (17). In addition, it would probably be more advanta- 
geous to test for suppression of activity some time after the 
conditioning episode rather than immediately following it, 
eliminating the immediate effects of  the US on the behavior 
of the animal [e.g., see (17)1. 

A major impetus behind much of the recent interest into 
the serotonergic 5-HT3 receptor system has been the potential 
therapeutic efficacy of  5-HT3 antagonist compounds. This in- 
terest is predicated on the fact that these substances exhibit 
antidopaminergic activity in mesolimbic areas (5). The present 
study suggests, however, that ethanol's cognitive effects are 
not ameliorated with 5-HT3 antagonist administration. Al- 
though blockade of  5-HT3 receptors may reverse ethanol's re- 
inforcing effects (27), consequences of ethanol exposure, such 
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as cognitive impairment,  appear to be relatively unaffected. 
Thus, there appears to be a clear delineation between the vari- 
ous consequences o f  acute ethanol exposure and their suscepti- 
bility to reversal by 5-HT 3 antagonists.  Given that interactions 
between 5-HT3 receptors and mesolimbic D A  systems have 
been implicated in the ability o f  5-HT3 antagonists to reverse 
certain adverse consequences o f  ethanol and other  drugs of  
abuse (8,12), the inability o f  M D L  72222 to reverse the etha- 
nol-related cognitive impairment  suggests the possibility that 

ethanol 's effects on cognitive processes may not be modulated 
by mesolimbic dopamine structures. Future studies to develop 
pharmacological  strategies to reverse the cognitive conse- 
quences o f  ethanol exposure may best be directed toward ma- 
nipulations of  other  neural systems. 

ACKNOWLEDGEMENT 

This research was supported in part by NIAAA grant 
R01AA06634. 

R E F E R E N C E S  

1. Anisman, H.; Waller, G. T. Effects of alcohol on discriminative 
active avoidance behavior in mice. J. Stud. Alcohol 35:439-444; 
1974. 

2. Aragon, C. M. G.; Trudeau, L-E.; Amit, Z. Stress-ethanol inter- 
action: Involvement of endogenous opioid mechanisms. Neu- 
rosci. Behav. Rev. 14:535-541; 1990. 

3. Barnes, J.M., Costall, B., Coughian, J., Domeney, A.M., Ger- 
rard, P.A., Kelly, M.E., Naylor, R.J., Onaivi, E.S., Tomkins, 
D.M., & Tyers, M.B.The effects of ondansetron, a 5HT3 antago- 
nist, on cognition in rodents and primates. Pharmacol. Biochem. 
Behav. 35: 955-962; 1990. 

4. Blanchard, B. A.; Merski, C. L.; Glick, S. D. Reinforcing prop- 
erty of ethanol: Relationship between neurochemical response 
and self-administation. Soc. Neurosci. Abstr. 17:1422; 1991. 

5. Carboni, E.; Acquas R. F.; Fran, R.; Di Chiara, G. Differential 
inhibitory effects of a 5HT3 antagonist on drug induced stimula- 
tion of dopamine release. Eur. J. Pharmacol. 164:515-519; 1989. 

6. Devenport, L. D.; Hale, R. L. Contributions of hippocampus 
and the neocortex to the expressions of ethanol effects. Psycho- 
pharmacology (Berlin) 99:337-344; 1989. 

7. Devenport, L. D.; Merriman, V. J.; Devenport, J. A. Effects of 
ethanol on enforced spatial variability in the 8-arm radial maze. 
Pharmacol. Biochem. Behav. 18:55-59; 1983. 

8. Di Chiara, A.; Imperato, A. Ethanol preferentially stimulates 
dopamine release in the nucleus accumbens of freely moving rats. 
Eur. J. Pharmacol. 115:131-132; 1985. 

9. Domeney, A. M.; CostaU, B.; Gerrard, P. A.; Jones, N. C.; 
Naylor, R. J.; Tyers, M. B. The effect of ondansetron on cogni- 
tive performance in the marmoset. Pharmacol. Biochem. Behav. 
38:169-175; 1991. 

10. Dunn, R. W.; Carlezon, W. A.; Corbett, R. Preclinical anxiolytic 
versus antipsychotic profiles of the 5HT3 antagonists ondanse- 
tron, zacropride, 3-tropanyl-lH-indole-3-carboxylic acid ester, 
and IH,3,5H-tropan-3-yl-3,5-dichlorbenzoate. Drug Dev. Res. 
23:289-300; 1991. 

11. Erickson, C. K.; Kochhar, A. An animal model for low dose 
ethanol-induced locomotor stimulation: Behavioral characteris- 
tics. Alcohol.: Clin. Exp. Res. 9:310-314; 1985. 

12. Fozard, J. R. Pharmacological relevance of 5-HT 3 receptors. Int. 
Acad. Biomed. Drug Res. 1:44-55; 1992. 

13. Frye, G. D.; Breese, G. R. An evaluation of the locomotor stimu- 
lating action of ethanol in rats and mice. Psychopharmacology 
(Berlin) 75:372-379; 1981. 

14. Howerton, T. C.; O'Connor, M. F.; Collins, A. C. Differential 
effects of long-chain alcohols in long- and short-sleep mice. Psy- 
chopharmacology (Berlin) 79:313-317; 1983. 

15. Hunt, P. S.; Molina, J. C.; Rajachandran, L.; Spear, L. P.; 
Spear, N. E. Chronic administration of alcohol in the developing 
rat: Expression of fundamental tolerance and alcohol olfactory 
aversions. Behav. Neural Biol. 59:87-99; 1993. 

16. Jones, B. M. Memory impairment on the ascending and descend- 
ing limbs of the blood alcohol curve. J. Abnorm. Psychol. 82: 
24-32; 1973. 

17. Kim, J. J.; Fanselow, M. S. Modality-specific retrograde amnesia 
of fear. Science 256:675-676; 1992. 

18. Lamble, R.; Rydberg, U. Effects of ethanol on locomotor activity 
in rats of different ages. Acta Pharmacol. Toxicol. 50:246-250; 
1982. 

19. Leyton, M.; Stewart, J. Pre-exposure to foot shock sensitizes the 
locomotor response to subsequent systemic morphine and intra- 
nucleus accumbens amphetamine. Pharmacol. Biochem. Behav. 
37:303-310; 1990. 

20. Molina, J. C.; Serwatka, J.; Enters, K.; Spear, L. P.; Spear, N. 
E. Acute alcohol intoxication disrupts brightness but not olfac- 
tory conditioning in preweanling rats. Behav. Neurosci. 101:1-7; 
1987. 

21. Parker, E. S.; Morihasa, J. M.; Wyatt, R. J.; Schwartz, B. L.; 
Weingartner, H.; Stillman, R. C. The alcohol facilitation effect 
on memory: A dose response study. Psychopharmacology (Ber- 
lin) 74:88-92; 1981. 

22. Pohorecky, L. A.; Patel, V.; Roberts, P. Effects of ethanol in an 
open field apparatus: Modification by U50488H and WIN A.A.A.A. 1- 
3. Physiol. Behav. 45:273-287; 1989. 

23. Reith, M. E. A.  5-HT3 receptor antagonists attenuate cocaine 
induced locomotion in mice. Eur. J. Pharmacol. 186:327-330; 
1990. 

24. Schaefer, G. J.; Michael, R. P. Interactions between RO 15-4513 
and ethanol on brain self-stimulation and locomotor activity in 
rats. Pharmacol. Biochem. Behav. 34:785-790; 1989. 

25. Schechter, M. D.; Krimmer, E. C. Differences in response to the 
aversive properties and activity effects of low dose ethanol in 
LAS and HAS selectively bred rats. Psychopharmacology (Berlin) 
107:564-568; 1992. 

26. Skurdal, A. J.; Eckardt, M. J.; Brown, J. S. The effects of alco- 
hol on escape learning and on regular and punished extinction 
in a self-punitive situation with rats. Physiol. Psychol. 3:29-34; 
1975. 

27. Suziki, T.; Shiozaki, Y.; Moriizumo, T.; Misawa, M. Establish- 
ment of ethanol-induced place preference in rats. Jpn. J. Alcohol 
Drug Depend. 27:111-123; 1992. 

28. Trudeau, L-E.; Aragon, C. M. G.; Amit, Z. Effects of ethanol 
on locomotor depression and corticosterone release induced by 
restraint-stress: Support for a stress-ethanol interaction. Pharma- 
col. Biochem. Behav. 36:273-278; 1990. 

29. Trudeau, L-E.; Aragon, C. M. G.; Amit, Z. Involvement of 
endogenous opioid mechanisms in the interaction between 
stress and ethanol. Psychopharmacology (Berlin) 103:425-429; 
1991. 

30. Wallgren, H.; Barry, H. Actions of alcohol. New York: Elsevier 
Publishing Company; 1970. 

31. Wood, A. L.; Healey, P. A.; Men6ndez, J. A.; Verne, S. L.; 
Atrens, D. M. The intrinsic and interactive effects of RO 15-4513 
and ethanol on locomotor activity, body temperature, and blood 
glucose concentration. Life SCi. 45:1467-1473; 1989. 

32. Wozniak, K. M.; Pert, A.; Linnoila, M. Antagonism of 5HT3 
receptors attenuates the effects of ethanol on extracellular dopa- 
mine. Eur. J. Pharmacol. 187:287-289; 1990. 

33. Zucker, R.; Hartford, T. C. National study of the demography 
of adolescent drinking practices in 1980. J. Stud. Alcohol 44:974- 
985; 1983. 


