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(1) 113–121, 2000.—This study examined novelty-seeking behavior in rat populations selectively bred for
high and low alcohol-drinking behavior. In Experiment 1, and “odor-enhanced” novel environment produced greater behav-
ioral activation in P compared to NP rats. In Experiment 2, the activity of high alcohol-drinking P and HAD rats was en-
hanced to a greater extent following the presentation of novel odors in a familiar arena, compared to the NP and LAD rats.
The results suggest that, when measuring locomotor activity, alcohol-preferring rats are more reactive to novelty than their
nonpreferring counterparts. Experiments 3 and 4, however, did not support the hypothesis that novelty seeking is associated
with genetic vulnerability to high alcohol-drinking behavior. When measuring nose-poking behavior in response to novel
odors and preference for a novel vs. a familiar chamber, behavior of the preferring lines did not differ from that of the non-
preferring lines, although P rats were more active in the place-preference paradigm. The overall results indicate that the rela-
tionship between novelty and alcohol drinking is only modestly associated, and is observed under specific conditions. More-
over, this study underscores the importance of using multiple measures when assessing complex behaviors such as novelty
seeking. © 2000 Elsevier Science Inc.
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CONSIDERABLE research indicates that alcohol prefer-
ence and alcohol abuse contain a strong genetic component
(10,28,30). Type II alcoholism, in particular, is highly herita-
ble, and distinguished primarily by the individuals early alco-
hol-drinking behavior and family history of alcoholism (11).
Type II alcoholism is also identified by a triad of personality
traits: high novelty seeking, low reward dependence, and low
harm avoidance (7,11,27,49).

The personality trait of high novelty seeking, like Type II
alcohol abuse, is believed to have strong heritability
(15,22,36,37). Novelty seeking refers to behavioral activation
in the presence of unknown stimuli (11). Its purpose is to in-
crease exploratory activity along with locomotor activity,
which is necessary to promote survival functions such as the
search for food, a sexual mate, shelter, and to relieve bore-

dom (2). Clinical studies indicate that high novelty-seeking
behavior is highly predictive of current and future alcohol
abuse (1,4,21,44,45,50).

Numerous studies have confirmed the importance of the
mesolimbic dopamine system in the reinforcing properties of
drugs of abuse (5,8,18,26,38,43,46). It has been suggested that a
common neural circuitry underlies drug reward and novelty-
seeking behavior (2,3,6,20,25,34,40). Exposure to novelty acti-
vates some of the same neural substrates that mediate the re-
warding effects of drugs of abuse (2,25,42). In addition, rats
identified as high responders to novelty show increased alcohol
and drug intake in comparison to low responders, and show ab-
normalities within the mesolimbic region of the brain (17,23).

As yet, little is known of whether genetic-based animal
models of alcoholism express phenotypic traits associated
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with the clinical profile of Type II alcoholism. The objective
of this study was to determine whether differences in novelty-
seeking behavior exist in rat populations selectively bred for
high and low alcohol-drinking behavior. It was hypothesized
that rats selectively bred for high alcohol-drinking behavior
would exhibit high novelty-seeking behavior.

 

EXPERIMENT 1: LOCOMOTOR ACTIVITY IN A “PLAIN” OR
“ODOR-ENHANCED” CONTEXT

 

This study examined locomotor activity in an open field
arena in adult P and NP ethanol-naive rats. Male P and NP
rats (

 

n

 

 

 

5

 

 10 per line) from the 41st generation were double
housed in plastic tubs (23 

 

3

 

 43 

 

3

 

 20 cm W 

 

3

 

 L 

 

3

 

 H) and
maintained on a standard light/dark cycle (lights on at 0900 h)
with ad lib food and water. The experimental protocols used
were approved by the Institutional Animal Care and Use
Committee, and all procedures are in compliance with the
National Institute of Health Guide for the Care and Use of
Laboratory Animals (Publication #85-23; 1985). Animals
were approximately 120–150 days of age at the beginning of
the experiment and weighed approximately 450 

 

6

 

 35 g. Rats
were placed in either a “plain” or “odor-enhanced” context
(order counterbalanced) for a 60-min activity assessment.
One week later, rats were exposed to the alternate context,
and locomotor activity was recorded for 60 min. The “plain”
context consisted of clean pine shavings on the floor of a clear
Plexiglas chamber (40.5 

 

3

 

 40.5 

 

3

 

 30.5 cm W 

 

3

 

 L 

 

3

 

 H). The
“odor-enhanced” context utilized a similar chamber but con-
tained, in each corner, a different odor (orange, maple, pep-
permint, and banana) placed beneath a wire mesh floor. Cu-
mulative activity was recorded in 5-min blocks with the use of
multiple photocell beams (Opto-Varimex-Minor, Columbus
Instruments, Columbus, OH); each beam crossing was desig-
nated as one activity count.

 

Results

 

Figure 1 illustrates open field activity in P (top) and NP
(bottom) rats in the “plain” and “odor-enhanced” contexts.
Data are mean activity counts in 5-min intervals for the first
30 min of the 60-min session, because the majority of activity
occurred within this time frame. A mixed ANOVA (line 

 

3

 

context 

 

3

 

 time) revealed significant main effects of context,

 

F

 

(1, 18) 

 

5

 

 40.35 

 

p

 

 

 

,

 

 0.0001, and time, 

 

F

 

(5, 90) 

 

5

 

 58.48, 

 

p

 

 

 

,

 

0.0001, but not of line, 

 

F

 

(1, 18) 

 

5

 

 2.89, 

 

p

 

 

 

.

 

 0.05. There were,
however, significant line 

 

3

 

 context, 

 

F

 

(1, 18) 

 

5

 

 4.37, 

 

p

 

 

 

,

 

 0.05,
line 

 

3

 

 time, 

 

F

 

(5, 90) 

 

5

 

 3.98, 

 

p

 

 

 

,

 

 0.01, and context 

 

3

 

 time,

 

F

 

(5, 90) 

 

5

 

 13.9, 

 

p

 

 

 

,

 

 0.0001, interactions. The analysis also re-
vealed a significant three-way interaction, 

 

F

 

(5, 90) 

 

5

 

 2.61, 

 

p

 

 

 

,

 

0.05. Student’s 

 

t

 

-tests revealed that, within the first 5 min of
being placed in the “odor-enhanced” context and the first 10
min of being placed in the “plain” context, activity of the P
rats was significantly higher (

 

p

 

 

 

,

 

 0.05) than that of the NP
rats. Additionally, activity of the P rats increased by over
100% during the first 5 min of being placed in the “odor-
enhanced” context (510 

 

6

 

 75 vs. 1050 

 

6

 

 176 activity counts)
compared to a 71% increase in NP rats (353 

 

6

 

 45 vs. 602 

 

6

 

 97
activity counts). Moreover, the increased activity of the P rats
in the enhanced context persisted longer than the activity of
the NP rats (

 

p

 

 

 

,

 

 0.05).

 

EXPERIMENT 2: LOCOMOTOR ACTIVITY FOLLOWING THE 
PRESENTATION OF NOVEL ODORS

 

Experiment 2 assessed locomotor activity in response to
novel odors following habituation to the test arena. Adult

ethanol-naive male P and NP (

 

n

 

 

 

5

 

 12 per line) and HAD-I
and LAD-I (

 

n

 

 

 

5

 

 21 and 24 per line, respectively) rats from
the 42nd and 28th generations were tested. Animals were ap-
proximately 120–150 days of age, and weighed approxi-
mately 450 

 

6

 

 50 and 350 

 

6

 

 50 g, respectively, at the begin-
ning of the experiment. Housing conditions were as
described in Experiment 1. For 3 days, rats were placed in
the clear Plexiglas chamber (40.5 

 

3

 

 40.5 

 

3

 

 30.5 cm W 

 

3

 

 L 

 

3

 

H) with clean pine shavings on the floor for a 30-min habitu-
ation period. On day 4, animals received 15 min of habitua-
tion to the chamber and were then presented with two cotton
balls with 0.25 ml each of banana and orange extract, placed
at opposite ends of the chamber. Activity was recorded for
an additional 30 min. Cumulative activity for habituation and
test session was recorded with the use of multiple photocell
beams; each beam crossing was designated as one activity
count.

 

Results

 

Figure 2 illustrates activity counts for the three 30-min
habituation sessions in P and NP (left), and HAD and LAD
rats (right). Data analysis consisted of separate two-way re-
peated-measures ANOVAs (line 

 

3

 

 day) on total activity for
the P vs. NP rats and the HAD vs. LAD rats. There were

FIG. 1. Locomotor activity in a “plain” vs. “odor-enhanced” context
in P (top panel) and NP (bottom panel) rats. Data are mean activity
counts for the first 30 min of the 60-min session. *p , 0.05, “plain” vs.
“enhanced” context; 1p , 0.05, P vs. NP rats.
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significant effects of both line, 

 

F

 

(1, 22) 

 

5

 

 16.4, 

 

p

 

 

 

,

 

 0.001,
and day, 

 

F

 

(2, 44) 

 

5

 

 6.4, 

 

p

 

 

 

,

 

 0.01, but not a significant line 

 

3

 

day interaction, 

 

F

 

(2, 44) 

 

5

 

 2.0, 

 

p

 

 

 

.

 

 0.05, for the P and NP
rats. P rats decreased their activity from a mean of 1061 

 

6

 

149 activity counts on day 1 to 819 

 

6

 

 140 and 751 

 

6

 

 71 on
days 2 and 3, whereas activity of the NP rats did not change
over the 3 days (477 

 

6

 

 60, 372 

 

6

 

 31, and 404 

 

6

 

 35 counts, re-
spectively). Analysis of baseline activity for the HAD and
LAD rats did not reveal a significant main effect of line, 

 

F

 

(1,
22) 

 

5

 

 0.49, 

 

p

 

 

 

.

 

 0.05, nor a significant line 

 

3

 

 day interaction,

 

F

 

(2, 44) 

 

5

 

 0.86, 

 

p

 

 

 

.

 

 0.05. There was, however, a significant
effect of day, 

 

F

 

(2, 44) 

 

5

 

 29.03, 

 

p

 

 

 

,

 

 0.0001. Thus, activity of
both the P/NP and the HAD/LAD lines habituated over the
three sessions. Moreover, P rats exhibited consistently
higher activity levels over the three habituation days than
did NP rats.

Figure 3 represents mean activity counts in 5-min intervals
for the 15-min habituation period prior to, and the 30 min fol-
lowing the presentation of odors in P and NP (left), and
HAD and LAD rats (right) on the test day. Analysis of activ-
ity during the 15-min habituation period by two-way re-
peated-measures ANOVAs (line 

 

3

 

 time) in P and NP rats re-
vealed a significant main effect of time, 

 

F

 

(2, 44) 

 

5

 

 54.5, 

 

p

 

 

 

,

 

0.0001, but not of line, 

 

F

 

(1, 44) 

 

5

 

 3.3, 

 

p

 

 

 

.

 

 0.05. In addition,
there was not a significant time 

 

3

 

 line interaction, 

 

F

 

(2, 44) 

 

5

 

2.5, 

 

p

 

 

 

.

 

 0.05. Similarly, there was a significant main effect of
time, F(2, 88) 5 61.61, p , 0.0001, but not of line, F(1, 44) 5
0.39, p . 0.05, for the HAD and LAD rats. There was not a
significant time 3 line interaction, F(2, 88) 5 0.69, p . 0.05.
Thus, all rats habituated to the environment during the first
15 min, and mean activity counts did not differ between P and
NP rats nor between HAD and LAD rats prior to the presen-
tation of the odors.

Analysis of 30-min activity following the presentation of
odors for P and NP rats using a Student’s t-test revealed that

P rats increased activity in response to the novel odors signifi-
cantly more than NP rats [385 6 44 vs. 264 6 30 activity
counts, t(22) 5 2.3, p , 0.05]. Furthermore, HAD rats in-
creased activity in response to the novel odors significantly
more than LAD rats [71 6 15 vs. 37 6 9 activity counts, t(43) 5
2.1, p , 0.05].

EXPERIMENT 3: NOSE-POKING BEHAVIOR AS AN ASSESSMENT OF 
NOVELTY SEEKING

This experiment examined nose-poking behavior of rats
habituated to the test arena following the presentation of
novel odors as an assessment of novelty-seeking behavior.
Male P and NP (n 5 10 per line) and HAD-I and LAD-I (n 5
8 per line) ethanol-naive rats from the 42nd and 28th genera-
tions were used for this experiment. Animals were approxi-
mately 120–150 days of age and weighed approximately 450 6
50 and 350 6 50 g, respectively, at the beginning of the ex-
periment. Housing conditions were as described in Experi-
ment 1. For four consecutive days, animals were habituated
to the testing chamber by receiving 15 min of exposure to a
dark rectangular chamber (45 3 25 3 37.5 cm L 3 W 3 H)
with two equispaced 1-cm holes drilled into each side. On
test day, animals received a single 15-min exposure to the
chamber with the addition of banana extract (0.25 ml) pre-
sented behind each hole. Animals were videotaped and tapes
were scored by a blind observer with the aid of a computer
scoring program that recorded total number of nose pokes in
the session (frequency) and the total time spent nose poking
(duration).

Results

The frequency and duration of nose-poking behavior in
P and NP rats and HAD and LAD rats for the first and
fourth habituation days are illustrated in Fig. 4. Total nose-

FIG. 2. Total activity counts for the three 30-min habituation sessions to the activity chamber in
P and NP (left panel), and HAD and LAD rats (right panel).
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FIG. 3. Locomotor activity following the presentation of novel odors in P and NP (left panel) and
HAD and LAD (right panel) rats. Data are mean activity counts for the 15-min habituation session
prior to testing and the 30-min test following the presentation of odors. *p , 0.05, preferring vs. non-
preferring rats.

FIG. 4. Total nose-poking frequency (left panel) and duration (right panel) during the first and fourth
days of habituation to the chamber in preferring (P and HAD) and nonpreferring (NP and LAD) rats.
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FIG. 5. Nose-poking frequency during the 15-min test session in P and NP (left panel) and HAD and
LAD (right panel) rats.

poking frequency and duration for the first and fourth days
of habituation were analyzed using separate two-way re-
peated-measures ANOVAs (line 3 test) for P vs. NP and
HAD vs. LAD rats. The frequency analysis for the P and
NP lines (Fig. 4, left) revealed a significant effect of test,
F(1, 18) 5 12.17, p , 0.01. There was not a significant effect
of line, F(1, 18) 5 0.10, p . 0.05, nor a significant line 3 test
interaction, F(1, 18) 5 0.31, p . 0.05. The frequency analy-
sis for the HAD and LAD lines (Fig. 4, left) revealed a sig-
nificant effect of test, F(1, 14) 5 60.69, p , 0.0001. There
was not a significant effect of line, F(1, 14) 5 3.34, p .
0.05, nor a significant line 3 test interaction, F(1, 14) 5
0.0005, p . 0.05.

The duration analysis for the P and NP lines (Fig. 4, right)
revealed significant effects of line, F(1, 18) 5 10.68, p ,
0.005, and test, F(1, 18) 5 8.08, p , 0.01. There was not a sig-
nificant line 3 test interaction, F(1, 18) 5 0.01, p . 0.05. The
duration analysis for the HAD and LAD lines (Fig. 4, right)
revealed a significant effect of test, F(1, 14) 5 48.37, p ,
0.0001. There was not a significant effect of line, F(1, 14) 5
0.34, p . 0.05, nor a significant line 3 test interaction, F(1,
14) 5 0.49, p . 0.05. Therefore, all rats habituated to the test-
ing chamber in a similar manner. The duration of nose-pok-
ing behavior for NP rats, however, was longer than P rats for
both habituation tests.

Analyses of nose-poking frequency and duration during
the presentation of novel odors was done on 5-min intervals
using separate two-way repeated-measures ANOVAs (time 3
line) for the P vs. NP and HAD vs. LAD rats (Figs. 5 and 6).
The analysis of nose-poking frequency for P and NP rats
(Fig. 5, left) revealed that there was a significant effect of
time, F(2, 36) 5 12.6, p , 0.0001. There was not a significant
effect of line, F(1, 18) 5 0.02, p . 0.05, nor a significant time 3

line interaction, F(2, 36) 5 0.91, p . 0.05. Similarly, there
was a significant effect of time, F(2, 28) 5 21.97, p , 0.0001,
for the HAD and LAD rats (Fig. 5, right). There was not a
significant effect of line, F(1, 14) 5 2.72, p . 0.05, nor a sig-
nificant time 3 line interaction, F(2, 28) 5 1.08, p . 0.05.
Nose-poking frequency was greatest for all rats during the
first 5 min of the 15-min test and no line differences were ob-
served.

The analysis of nose-poking duration for P and NP rats
(Fig. 6, left) revealed that there was a significant effect of
time, F(2, 36) 5 11.02, p , 0.001. The effect of line F(1, 18) 5
1.25, p . 0.05, and the time 3 line interaction, F(2, 36) 5 0.91,
p . 0.05, were not significant. The effect of time, F(2, 28) 5
11.02, p , 0.001, on duration of nose-poking behavior for the
HAD and LAD rats (Fig. 6, right) was also significant. There
was not a significant effect of line, F(1, 14) 5 1.25, p . 0.05,
nor a significant time 3 line interaction, F(2, 28) 5 0.93, p .
0.05. Nose-poking duration was longer for all rats during the
first 5 min of the 15-min test.

EXPERIMENT 4: NOVELTY ASSESSMENT USING
PLACE PREFERENCE

Experiment 4 examined preference for a familiar vs. a
novel environment in male P and NP rats (n 5 9 per line).
Animals from the 42nd generation were approximately 120–
150 days of age at the beginning of the experiment and
weighed 485 6 70 g. The animals were given 4 days of 30-
min exposure to one of two sides of a rectangular chamber
(sides counterbalanced). Half of the chamber had a black
floor with white sides and the other a white floor with black
sides. Each side measured 38.5 3 38.5 3 38.5 cm (L 3 W 3
H) and was divided by a 9.5 3 38.5 3 38.5 cm gray “crossing
zone” with a 9.5 3 5 3 5 cm opening. On the fourth day,
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FIG. 6. Duration of nose-poking behavior during the 15-min test session in P and NP (left panel) and
HAD and LAD (right panel) rats.

FIG. 7. Mean latency to cross to the novel side (left panel), time spent on the novel side (middle
panel), and number of crossings from familiar to novel side in P and NP rats in a place preference
paradigm. *p , 0.05, preferring vs. nonpreferring rats.

rats were given a 15-min preference test. Animals were ini-
tially placed in the familiar side. When the rat’s head and at
least the two front limbs entered the novel side, it was
deemed a crossing. Animals were videotaped and tapes

were scored by a blind observer with the aid of a computer
scoring program that recorded duration of time spent on
each side, latency to initial crossing to the novel side, and
number of crossings.
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Results

Figure 7 illustrates latency to cross to the novel side (left),
time spent on the novel side (middle) and the number of
crossings to the novel side of the chamber (right) in P and NP
rats. Student’s t-tests used to analyze duration and latency to
cross did not reveal differences between P and NP rats on ei-
ther measure, t(15) 5 0.16, p . 0.05, and t(15) 5 0.644, p .
0.05, respectively. The analysis of number of crossings to the
novel side, however, did reveal a significant line effect (32 6
3.4 vs. 23 6 2 activity counts; t(15) 5 2.10, p 5 0.05. The P rats
crossed significantly more to the novel side than did the NP
rats. One NP animal never crossed to the novel side and was
thus excluded from the analyses.

GENERAL DISCUSSION

The primary finding of the present research suggests that,
when measuring locomotor activity in response to novel stim-
uli, consistent line differences are seen between alcohol-pre-
ferring and nonpreferring rats. Experiment 1 found that the
“odor-enhanced” environment produced greater and longer
behavioral a activation in the locomotor orienting response in
P compared to NP rats. The results of Experiment 2 demon-
strate that locomotor activity in high alcohol-drinking P and
HAD rats is enhanced to a greater extent in a familiar envi-
ronment following the presentation of novel odors than in
their low alcohol-drinking counterparts. Additionally, the
number of crossings to the novel side in a place preference
paradigm was significantly greater for P compared to NP rats.
The above results suggest that there is higher novelty-seeking
behavior in preferring, vs. nonpreferring lines.

Experiments 3 and 4, however, do not support the hypothe-
sis that high novelty-seeking behavior is associated with genetic
vulnerability to high alcohol-drinking behavior. When measur-
ing nose-poking behavior in response to novel odors and pref-
erence for a novel vs. a familiar area, behavior of the preferring
lines did not differ from that of the nonpreferring lines.

One possible reason for the differences between the first
two and the second two experiments may be the use of loco-
motor activity, vs. nose-poking or place preference behavior,
as a dependent measure. Piazza et al. (39) and Hooks et al.
(24) determined that rats demonstrating high locomotor ac-
tivity in response to a novel environment (High Responding
or HR rats) show increased locomotor activity in response to
an amphetamine challenge compared to their low-responding
(LR) counterparts. An animal’s response to place preference
for novelty or exposure to a novel object, however, was not
predictive of its locomotor response to amphetamine (42).
Exner and Clark (19) examined the behavior of nonclassified
animals to an inescapable, novel environment and catego-
rized the animals’ responses as “escape” and “exploratory”
behaviors. After exposure to an inescapable novel environ-
ment, “escape” behavior (defined as rearing, sniffing upward,
increased activity) was shown to correlate with the locomotor
stimulant effect of amphetamine, but the “exploration” factor
(sniffing downward, immobile) was not. “Escape” behaviors
are thus thought to represent the stressful component of nov-
elty, and indeed, exposure to novelty results in increased cor-
ticosterone levels (16). Conversely, “exploratory” behavior is
thought to represent the rewarding aspects of novelty and is
elicited in familiar, “stress-free” environments, and does not
result in increased levels of corticosterone (33). The distinc-
tion between locomotor activity (“escape” behavior) and “ex-
ploratory” behavior has been illuminated in a number of
studies (6,12,35,41).

This classification is useful as a possible explanation as to
why differences in novelty seeking were seen between alco-
hol-preferring and nonpreferring rats when locomotor activ-
ity was measured, vs. when nose poking or place preference
was used as a dependent measure. Both nose-poking and
place preference behavior can be regarded as “exploratory,”
because animals had free choice to visit the holes containing
the odors or free choice of the different areas, in addition to
the nature of the behaviors themselves (29). Experiments 1
and 2, on the other hand, can be best classified as tests exam-
ining “escape” behavior due to the measure of locomotor ac-
tivity and the inescapability of the novel odors. The measure
of number of crossings to the novel side in the place prefer-
ence paradigm best reflects a preference of change in the P
rat (17), yet also measures locomotor activity classifying it as
“escape” behavior.

Previous studies have reported that alcohol-preferring rats
are more “anxious” in some models of anxiety (13,31,47). As
novelty seeking and anxiety are at seemingly opposite ends of
the spectrum, perhaps it is more accurate to describe the P
and HAD rats as being more “activated” by novelty. When
novelty preference is assessed by more general measures,
such as locomotor activity, P and HAD rats are more reactive
than their NP and LAD counterparts. It seems plausible in
the context of the above discussion that this reactivity may be
nonspecific or even aversive in nature. This interpretation is
further supported by a failure to observe line differences in
more specific measures of exploration.

It has been suggested that a common neural circuitry un-
derlies drug reward and novelty-seeking behavior (2,3,6,20,
25,34,40). Clinical studies indicate that high novelty-seeking
behavior is highly predictive of current and future alcohol and
drug abuse (1,4,21,44,45,48,50). Experiments using rats and
mice have determined that there is a positive relationship be-
tween levels of novelty-seeking behavior and self-administra-
tion of drugs of abuse such as cocaine (9), amphetamine
(14,32,39), nicotine (14,32), and alcohol (14,23,32). The results
of the present work suggest that alcohol-preferring rats are
also more reactive to novelty when measuring locomotor be-
havior. Thus, genetic selection for alcohol preference results in
a constellation of behavioral and physiological phenotypes
that are associated with heightened responsiveness to novelty.

Identifying phenotypic traits associated with high alcohol-
drinking behavior may one day be a valuable behavioral
marker for increased susceptibility to alcohol abuse, particu-
larly Type II alcoholism. If such behaviors, such as a need for
novelty, serve to initiate and/or maintain aberrant alcohol
drinking behavior, early intervention may focus on addressing
the personality profile before the alcohol abuse becomes
pathological.

The overall results indicate the importance of using multi-
ple experimental approaches in these types of behavioral stud-
ies because of the complexity of novelty-seeking behavior, and
understanding the nature of various responses to novelty.
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