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Abstract

The goal of the present study was to investigate effects of alcohol intoxication on the object recognition learning task. Male C57BL/6J

mice habituated to saline injections and exploratory arena received different doses of ethanol (0, 1.6 or 2.4 g/kg) before or after a 10-min

training session. During training, animals were exposed to a small object (a marble or a die). On the next day, during a 10-min testing session,

animals were exposed to two objects: the familiar object from the previous day and a novel object. Analysis of behavior during testing

showed that mice injected with 0 and 1.6 g/kg of ethanol before training spent more time exploring a novel than a familiar object during

testing. In contrast, mice injected with 2.4 g/kg ethanol spent equal amounts of time exploring the novel and the familiar object. Mice injected

with this dose of ethanol after training did not show a decreased ratio of object exploration during testing. Analysis of behavior during

training showed that mice injected with this dose of ethanol spent less time exploring the object, although their locomotor activity was not

decreased. Our results show that in C57BL/6J mice, ethanol intoxication interferes with exploratory activity during object exploration, but

not with consolidation of memory. D 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

Acute ethanol intoxication is known to produce memory

impairment (for recent reviews, see Browning et al., 1992;

Ryabinin, 1998; White et al., 2000). Animal studies sug-

gest that ethanol’s effect on memory formation could be

due to its effect in the hippocampal formation. Indeed,

studies directly comparing learning paradigms have

shown preferential attenuation of hippocampus-dependent

versus hippocampus-independent tasks following ethanol

administration (Matthews et al., 1995; Melia et al., 1996).

This idea is contradicted, however, by studies showing that

hippocampal lesions do not interfere with ethanol’s effect

on behavior (Devenport and Hale, 1989). Another contra-

dictory view is that ethanol modulates performance of the

animal during the training task rather than impairs the

processes of memory acquisition and consolidation (Cun-

ningham and Brown, 1983). The difficulty to understand

the mechanisms of ethanol’s effect on learning stems partly

from the complexity of ethanol’s effects on different

behavioral components of learning. For example, many

learning tasks involve strong external reinforcement

(e.g., foot shock, food deprivation or swim stress), which

themselves could be perturbed by ethanol intoxication. It

would be advantageous to test ethanol’s effect in tasks

requiring minimal external reinforcement.

One of the few learning tasks requiring minimal external

reinforcement is object recognition. This task is based on a

natural tendency of animals to preferentially explore novel

versus familiar objects (Ennaceur and Delacour, 1988;

Myhrer, 1988; Phillips et al., 1988). Hippocampal involve-

ment in this task has been supported by lesion studies

(Myhrer, 1988; Phillips et al., 1988; Mumby et al., 1996)

(however, see examples of hippocampus-independent object

recognition tasks; Aggleton et al., 1986; Mumby et al.,

1992). Effects of acute ethanol intoxication on object

recognition memory have not been addressed previously.

This study investigates the effects of ethanol on object

recognition memory in C57BL/6J mice and shows that high

doses of this drug interfere with exploratory activity neces-

sary for this task, but not with consolidation of memory.
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2. Methods

2.1. Subjects

All animal procedures were approved by the Institutional

Animal Use committee. Seven- to eight-week-old male

C57BL/6J mice were purchased from the Jackson Laborat-

ories (Bar Harbor, ME, USA) and housed three to four per

cage under normal light cycle (12:12, lights on at 6:00 AM).

Water and food were provided ad libitum. After 1 week of

acclimatization to the home cage, mice were habituated to

intraperitoneal (ip) injections consecutively by three hand-

ling sessions (one per day), three to four sham injections

(one per day), three injections of half volume of saline (one

per day), and three to four injections of full volume of saline

(14 ml/kg, one per day). Our previous studies showed that

such procedure leads to a complete habituation of the c-Fos

response to acute injection stress in C57BL/6J mice (Rya-

binin et al., 1999). Animals were weighed on the last day of

habituation to sham injections. Animals were habituated to

the training arena by being placed into the arena for 15 min

during the last three saline injection habituation sessions.

The training arena was a bedding-free Plexiglas cage with

dimensions of 44� 24� 20 cm placed inside a cardboard

box of similar size with a 3.0-cm grid drawn on the floor.

The arena was located in a testing room dimly lit by outside

light (approximately 20–30 lx inside the arena).

2.2. Injections

On the training day, mice received intraperitoneal injec-

tions of 0, 13 or 20% ethanol in saline (v/v, 14 ml/kg)

resulting in 0, 1.6 or 2.4 g/kg of ethanol. In the pretraining

injection experiment, animals were injected 2 min before

being placed into the training arena. In the posttraining

injection experiment, animals received the injections imme-

diately after being removed from the training arena. Experi-

mental groups contained following number of animals.

Pretraining injection: 0 g/kg—16 mice, 1.6 kg—12 mice,

2.4 g/kg—12 mice; posttraining injection: 0 g/kg—11

mice, 1.6 g/kg—12 mice, 2.4 g/kg—12 mice. Animals

were treated identically during the preceding habituation

sessions except that ethanol was substituted for saline in the

experimental groups. Similarly, during testing, animals

were injected with saline in the same order as on the day

of training.

2.3. Training

Training was performed by placing the animals individu-

ally one by one in the middle of the training arena with one

object located on one side of the arena 8 cm away from the

far wall. The object was either a white 1�1�1 cm die or a

blue flattened marble of similar size. These objects were

selected on the basis of previous observations, which

demonstrated a lack of preferential exploration for one

object over the other. The objects were not attached to the

apparatus. However, none of the mice in our experiments

moved the objects from its original position. Objects were

washed with water after each individual session during both

training and testing. Training time lasted for 10 min.

2.4. Testing

Testing was performed by placing the animal in the

middle of the same arena with two objects. Objects were

placed on opposite sides 8 cm from the short walls. The

choice of object as new or familiar and the position (side of

the arena) of the object was switched from one animal to

another. Testing lasted for 10 min.

2.5. Behavioral analysis

Animals’ behavior was filmed on a video camera

mounted on a tripod 1 m over the training arena during

both training and testing (the camera was also present in the

same location during habituation). Video tapes were ana-

lyzed by an experimenter blind to each animal’s experi-

mental condition, although the decreased coordination of

animals injected 2.4 g/kg of ethanol allowed some measure

of distinction from other groups.

The following parameters were measured. Object

exploration time: time the animal spent with its nose within

0.5 cm from the object, this measure was observed contin-

uously for five consecutive 2-min intervals. Locomotor

activity: number of line crossings counted using the 3-cm

grid. Rearing: time the animal spent standing in an upright

position without leaning against a wall. Leaning: time the

animal spent in an upright position leaning against a wall.

Grooming: time the animal spent grooming.

The ratio of object exploration times was calculated

as object exploration time with a novel object during

testing divided by object exploration time with a familiar

object during testing. Such ratio is considered to be the

main measure of retention in this task (Ennaceur and

Delacour, 1988).

Data were analyzed using multifactorial ANOVA

using dose (0, 1.6 or 2.4 g/kg) and time of injection

(after or before training) as between-subjects factors and

interval of training (1–5) as a repeated measure. Where

appropriate post hoc analysis was performed using Fish-

er’s PLSD test with P values of less than .05 considered

statistically significant.

3. Results

3.1. Object exploration

Analysis of object exploration showed that saline-

injected mice spent only approximately 5% of the time in

the arena exploring the objects (Fig. 1). During the training
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session, exploration gradually decreased with time, as

reflected by the significant effect of interval on exploration

[F(4,334) = 9.4, P < .0001]. The time of saline injection

(before or after training) did not affect the amount of time

mice spent exploring the object. However, mice injected

2.4 g/kg of ethanol before the session spent significantly

less time exploring the object than other groups. This was

reflected by the significant effect of dose on exploration

times [F(2,334) = 10.3, P < .0001] and the significant inter-

action between dose and injection time [F(2,334) = 6.6,

P < .01]. Post hoc analysis confirmed that animals prein-

jected with 2.4 g/kg ethanol explored the object significantly

less than other groups.

During testing, the majority of mice spent more time

exploring the novel object. However, mice injected 2.4 g/kg

before training spent similar amount of time exploring novel

and familiar objects. This was reflected by the significant

effects of dose on the exploration ratio [F(2,334) = 4.3,

P < .05] and the significant interaction between dose and

time of injection [F(2,334) = 3.8, P < .05]. A post hoc

analysis confirmed that the exploration ratio was signific-

antly lower in this group than in other groups. Analysis of

exploration of the familiar object (but not of the novel

object) showed significant interaction between dose and

injection time [F(2,334) = 8.2, P < .001]. Post hoc analysis

showed that this interaction occurred because of signific-

antly higher exploration times with the familiar object in

animals injected with the higher ethanol dose prior to

training than in all other groups.

In addition, there was a significant effect of interval on

exploration of the novel [F(4,33) = 26.3, P < .0001] and of

the familiar [F(4,33) = 3.8, P < .01] object caused by

higher exploration times during the first minutes of test-

ing. A significant interaction between injection time and

interval for exploration of familiar [ F(4,334) = 3.3,

P < .05] and novel [F(4,334) = 6.2, P < .0001] objects

was due to higher exploration of objects during the first

intervals in the arena in mice injected any solution before

training versus animals injected posttraining. This was

confirmed by post hoc analysis showing significant dif-

ference in exploration of both familiar and novel objects

between pre- and postinjected animals during Intervals 1

and 2. However, no effects of injection time on explora-

tion ratio or interactions between injection time and

interval for this measure were found (P > .05). Similarly,

effects of other factors or interactions between them were

not statistically significant.

3.2. Other behaviors

Animals injected before training showed higher loco-

motor activity scores than animals injected posttraining

during both the training [F(1,53) = 18.2, P < .0001] and

the testing [F(1,53) = 12.1, P < .01] sessions. There was

also a significant effect of dose [F(2,53) = 10.8, P < .001]

and significant interaction between dose and injection time

[F(2,53) = 6.8, P < .01] on locomotor activity during train-

ing. Post hoc analysis indicated that these effects were due

to significant differences in locomotor activity between

animals preinjected with 1.6 g/kg of ethanol and other

groups (Fig. 2).

Alcohol exhibited a suppressive effect on rearing during

training [F(2,53) = 9.3, P < .001]. Animals receiving injec-

tions posttraining showed significantly less rearing during

training [F(1,53) = 7.3, P < .01] and significantly more

Fig. 1. Object exploration during training and testing as a function of

ethanol dose (0–2.4 g/kg), session interval (1–5) and injection time (after

training—open bars; before training— closed bars). Note the lower

exploration during training and lower ratio of novel versus familiar object

in mice injected 2.4 g/kg before training. Dashed line indicates chance

exploration ratio.
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rearing during testing [F(1,53) = 9.1, P < .01]. There was a

significant effect of dose [F(2,53) = 4.3, P < .05], injection

time [F(1,53) = 4.3, P < .05], and interaction between dose

and injection time [F(2,53) = 4.8, P < .05] on the leaning

measure during training. Post hoc analysis indicated that

these effects on leaning were due to significantly lower

scores in animals preinjected with 2.4 g/kg than in all

other groups.

Animals injected posttraining showed less grooming than

animals injected before training independently of the dose

[F(1,53) = 4.7, P < .05]. Effects of other factors or interac-

tions were not significantly different.

Fig. 2. Horizontal locomotor activity, vertical activity (rearing and leaning) and grooming as a function of ethanol dose (0–2.4 g/kg) and injection time (after

training—open bars; before training— closed bars). Note the higher levels of locomotor activity in animals injected 1.6 g/kg prior to learning and lack of

locomotor-suppressive effects in animals injected 2.4 g/kg of ethanol.
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4. Discussion

Our results confirm that acute ethanol administration

interferes with learning. Moreover, injecting ethanol prior

and posttraining allowed us to compare ethanol ability to

interfere with memory acquisition versus consolidation. In

the present study, administration of 2.4 g/kg of ethanol only

prior to training inhibited preferential exploration of novel

versus familiar object during testing. This inhibition of

preferential exploration of a novel object could not be

attributed to a decrease in locomotor activity on the day of

testing. In fact, all other parameters measured on the day of

testing besides exploration of the objects were not affected

by dose of the drug, suggesting that animals of the 2.4 g/kg

group behaved normally on the next day after the injection,

but did not have a memory for the familiar object. In

contrast, animals injected ethanol posttraining showed

higher exploration times with the novel object resulting in

preferential exploration of novel versus familiar object. This

finding strongly argues for ethanol’s interference during

memory acquisition, rather than during consolidation.

Depending on particularities of procedure, the object

recognition task can test either hipoccampus-dependent

(Myhrer, 1988; Mumby et al., 1996; Clark et al., 2000;

Rampon et al., 2000) or -independent memory (Aggleton

et al., 1986; Mumby et al., 1992). The procedure used in the

present study is closer to those showing hippocampal

dependence. Therefore, this result could be in agreement

with previous studies showing suppressive effects of acute

ethanol on other hippocampal forms of memory, such as

contextual fear conditioning, passive avoidance and spatial

working memory in laboratory animals (Bammer and

Chesher, 1982; Hernandez and Powell, 1986; Nabeshima

et al., 1988; Melchior et al., 1993; Givens, 1995; Matthews

et al., 1995; Melia et al., 1996). However, our study

suggests that ethanol suppresses acquisition of memory

not by interfering with the process of memory encoding,

but by interfering with exploratory activity necessary to

encode the memory. Thus, the time spent exploring a single

object on the day of training was significantly decreased in

the 2.4-g/kg group in comparison to other animals.

Decreased exploration of this object could lead to decreased

encoding of its properties, and, hence, lack of memory.

What are the mechanisms of ethanol’s suppression of

object exploration? This effect seems not to be mediated by

suppression of locomotor activity because locomotor activ-

ity counts were not different in animals injected 2.4 versus

0 g/kg of ethanol. Similarly, injection of 1.6 g/kg of ethanol

increased locomotor activity during training, which did not

result in increased object exploration, a result in agreement

with previous findings of locomotor-stimulating effects of

ethanol in C57BL/6J mice (Crabbe et al., 1982; Middaugh

et al., 1987, 1992; Bachtell and Ryabinin, 2001). Ethanol’s

effects on vertical activity (leaning and rearing) observed in

this study are also in agreement with previous studies

(Krsiak, 1976; Smoothy and Berry, 1984). Rearing and

leaning can also be used as indicators of exploratory

activity, but ethanol effects on these measures could be

contaminated by effects on coordination and vestibular

function. Since our measure of object exploration is simple

proximity of the animal’s nose to the object, it is difficult to

envision how lack of coordination would interfere with

object exploration. Perhaps a more likely possibility is that

ethanol attenuated object exploration by decreasing motiva-

tion to explore the object. Interestingly, the present study

was performed because of the initial concern that ethanol

might interfere with motivational aspects involved in other

types of learning. Our results suggest, however, that

although object recognition requires much less external

reinforcement than many other learning tasks, the minimal

motivation that is required to explore the objects is per-

turbed by ethanol intoxication. Therefore, the seeming

advantage of object recognition task over other ways to

assess ethanol’s effects on learning was not confirmed.

Decreased motivation to explore the objects could be

mediated by either sedative or aversive (anxiogenic) effects

of ethanol. Interestingly, different levels of locomotor activ-

ity, rearing and grooming observed in mice injected any

dose of ethanol (including 0 g/kg) before or after training

suggest that these animals had different levels of anxiety.

However, this difference did not seem to interfere with the

ratio of exploration of novel versus familiar object during

testing. It seems more likely, therefore, that ethanol’s effect

on object exploration was due to sedative than due to

aversive effects of ethanol.

Mechanisms of these effects should be addressed in

further independent studies where the aversive effects of

ethanol could be minimized, possibly after alcohol self-

administration in mice.

Acknowledgments

This work was supported by NIH Grant No.

AA10810 (AER). The authors thank Siv-Fern Chang

and Nhuy Bui for their excellent technical assistance in

the analysis of behavior.

References

Aggleton JP, Hunt PR, Rawlins JN. The effects of hippocampal lesions

upon spatial and non-spatial tests of working memory. Behav Brain

Res 1986;19:133–46.

Bachtell RK, Ryabinin AE. Interactive effects of nicotine and alcohol

co-administration on expression of inducible transcription factors in

mouse brain. Neuroscience 2001;103:941–54.

Bammer G, Chesher GB. An analysis of some effects of ethanol on

performance in a passive avoidance task. Psychopharmacology

1982;77:66–73.

Browning MD, Hoffer BJ, Dunwiddie TV. Alcohol, memory and mole-

cules. Alcohol Health Res World 1992;16:280–4.

Clark RE, Zola SM, Squire LR. Impaired recognition memory in rats after

damage to the hippocampus. J Neurosci 2000;20:8853–60.

311A.E. Ryabinin et al. / Pharmacology, Biochemistry and Behavior 71 (2002) 307–312



Crabbe JC, Johnson NA, Gray DK, Kosobud A, Young ER. Biphasic

effects of ethanol on open-field activity: sensitivity and tolerance in

C57BL/6N and DBA/2N mice. J Comp Physiol Psychol 1982;96:

440–51.

Cunningham CL, Brown JS. Escape from fear under alcohol: fear inhibits

alcohol-enhanced responding. Physiol Psychol 1983;11:81–6.

Devenport LD, Hale RL. Contributions of hippocampus and neocortex to the

expression of ethanol effects. Psychopharmacology 1989;99:337–44.

Ennaceur A, Delacour J. A new one-trail test for neurobiological studies of

memory in rats: 1. Behavioral data. Behav Brain Res 1988;31:47–59.

Givens B. Low doses of ethanol impair spatial working memory and reduce

hippocampal theta activity. Alcohol: Clin Exp Res 1995;19:763–7.

Hernandez KL, Powell DA. Ethanol enchancement of Pavolvian condition:

comparison with instrumental conditioning. Pyschopharmacology

1986;88:75–81.

Krsiak M. Effect of ethanol on aggression and timidity in mice. Psycho-

pharmacology (Berlin) 1976;51:75–80.

Matthews DB, Simson PE, Best PJ. Acute ethanol impairs spatial memory

but not stimulus/response memory in the rat. Alcohol: Clin Exp Res

1995;19:902–9.

Melchior CL, Glasky AJ, Ritzmann RF. A low dose of ethanol impairs

working memory in mice in a win-shift foraging paradigm. Alcohol

1993;10:491–3.

Melia KR, Ryabinin AE, Corodimas KP, Wilson MC, LeDoux JE.

Hippocampal-dependent learning and experience-dependent activation

of the hippocampus are preferentially disrupted by ethanol. Neuro-

science 1996;74:313–22.

Middaugh LD, Boggan WO, Randall CL. Stimulatory effects of ethanol in

C57BL/6 mice. Pharmacol, Biochem Behav 1987;27:421–4.

Middaugh LD, Bao K, Shepherd CL. Comparative effects of ethanol on

motor activity and operant behavior. Pharmacol, Biochem Behav

1992;43:625–9.

Mumby DG, Wood ER, Pinel JP. Object-recognition memory is only

mildly impaired in rats with leasions of the hippocampus and amyg-

dala. Psychobiology 1992;20:18–27.

Mumby DG, Wood ER, Duva CA, Kornecook TJ, Pinel JP, Phillips AG.

Ischemia-induced object-recognition deficits in rats are attenuated by

hippocampal ablation before or soon after ischemia. Behav Neurosci

1996;110:266–81.

Myhrer T. Exploratory behavior and reaction to novelty in rats with hippo-

campal perforant path system disrupted. Behav Neurosci 1988;102:

356–62.

Nabeshima T, Tohyama K, Kameyama T. Reversal of alcohol-induced

amnesia by benzodiazepine inverse agonist Ro 15-4513. Eur J Phar-

macol 1988;155:211–7.

Phillips RR, Malamut BL, Bachevalier J, Mishkin M. Dissociation of the

effects of inferior temporal and limbic lesions on object discrimina-

tion learning with 24-h intertrial intervals. Behav Brain Res 1988;27:

99–107.

Rampon C, Jiang CH, Dong H, Tang YP, Lockhart DJ, Schultz PG, Tsien

JZ, Hu Y. Effects of environmental enrichment on gene expression in

the brain. Proc Natl Acad Sci USA 2000;97:12880–4.

Ryabinin AE. Role of hippocampus in alcohol-induced memory impair-

ment: implication from behavioral and immediate early gene studies.

Psychopharmacology 1998;139:34–43.

Ryabinin AE, Wang Y-M, Finn DA. Different levels of Fos immunoreac-

tivity after repeated handling and injection stress in two inbred strains of

mice. Pharmacol, Biochem Behav 1999;63:143–51.

Smoothy R, Berry MS. Alcohol increases both locomotion and immobility

in mice: an ethological analysis of spontaneous motor activity. Psycho-

pharmacology 1984;83:272–6.

White AM, Matthews DB, Best PJ. Ethanol, memory, and hippocam-

pal function: a review of recent findings. Hippocampus 2000;10:

88–93.

312 A.E. Ryabinin et al. / Pharmacology, Biochemistry and Behavior 71 (2002) 307–312


