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Abstract
Approximately 80% of smokers initiate tobacco use during adolescence, suggesting that nicotine
initiation and nicotine dependence have a substantial age component. There also is a substantial
genetic influence on smoking behaviors such as age of initiation and the development of nicotine
dependence. The goal of this study was to examine both genetic background and age dependent
effects on oral nicotine self-administration and anxiety-like behaviors in mice. Two inbred mouse
strains (C3H/Ibg and C57BL/6J) were assessed for oral nicotine preference during early
adolescence (postnatal day 24–35), middle adolescence (postnatal day 36–47), late adolescence
(postnatal day 48–59), adulthood (postnatal day 60+) and 2 months following their initial exposure
to nicotine. Mice also were assessed for innate anxiety using an elevated zero maze to determine if
age and/or genetic background influenced anxiety-like behaviors. Results indicated that initial
nicotine preference and nicotine preference two months after an initial exposure are both strain
and age dependent. Age also had an effect on some baseline anxiety measures but strain
differences for most zero maze measures were present throughout all age groups. In general, early
adolescent C3H mice exhibited greater nicotine preference while C57 mice displayed greater
preference during middle adolescence and upon a second exposure to nicotine. In contrast, C57
mice exhibited reduced anxiety across all ages tested. These studies indicate that genetic
background should be considered when evaluating age-dependent effects of drugs of abuse and
baseline anxiety-like behaviors.
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1. Introduction
In the United States, the use of tobacco products is responsible for about 20% of all
premature deaths [1,2] and of the reported 21% of adults in the United States who smoke,
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80% initiated the use of tobacco before the age of 18 [3,4]. In fact, not only does smoking
almost always start in adolescence, several studies have reported that the earlier in age an
individual initiates smoking, the more likely they are to exhibit a history of heavy smoking
and reduced success at quitting [5,6,7]

Despite the fact that initiating smoking in adolescence significantly increases the risk for
long term smoking only about one third of adolescents who try tobacco go on to become
nicotine dependent [8]. Therefore, although adolescence is a critical period for the
establishment nicotine dependence, individual variability in liability to nicotine dependence
during this stage of development also plays a major role in who does and does not go on to
become a regular smoker. The chief cause of individual variability in the progression from
experimentation to nicotine dependence in adolescence appears to be genetics. Indeed,
reports indicate that between 75% and 85% of individual variability in the development of
nicotine dependence can be attributed to genetic factors [9,10]. In addition, studies have
suggested that anxiety disorders in adolescents increases the risk for the development of
nicotine dependence [11,12,13]. Consequently, whether an individual becomes nicotine
dependent is not only determined by his/her age of onset, but also by genetic factors and
mental state.

Because age of initiation plays a major role in later smoking behavior, several studies in
rodents have explored the influence of age in several measures of nicotine sensitivity (for a
recent review see Schramm-Sapyta et al.,[14]). In general, these studies show that
adolescent rodents are more sensitive to the reinforcing properties and less sensitive to the
aversive properties of nicotine relative to adults. Additionally, a few studies have found that
exposure to nicotine during adolescence leads to an increase in the rewarding properties of
the drug in adulthood [15,16,17,18].

The studies published to date provide evidence on why adolescence is a period of increased
risk for experimentation with drugs of abuse including nicotine. However, they do not
explain why two-thirds of human adolescents who experiment with tobacco do not go on to
become nicotine dependent. The experiments described in this report used two inbred strains
of mice, C3H/Ibg and C57BL6/J, to assess whether genetics and/or, sex differentially impact
nicotine preference during defined periods of adolescence and adulthood as well as the
effect of nicotine exposure during adolescence on later nicotine preference. Additionally,
naïve animals were assessed for innate differences in anxiety-like measures as measured by
the elevated zero maze in order to assess whether age, strain and/or sex also differentially
affect anxiety.

2. Materials and Methods
2.1 Materials

Free base (−)-nicotine was purchased from Sigma Aldrich (St. Louis, MO), and all nicotine
concentrations were calculated as free base.

2.2 Animals
C57BL/6J and C3H/Ibg animals were bred in a specific pathogen free (SPF) facility at the
University of Colorado at Boulder. Animals were weaned between postnatal day (pnd) 21
and 25 for all experiments. The animals were maintained on a 12 hour light and 12 hour
dark cycle (lights on at 7 a.m.) with food and water ad libitum. The animal colony and
testing facilities are maintained at 21 ± 1 degree Celsius with approximately 50% humidity.
For these studies, both male and female animals were divided into four different age groups:
early adolescent (pnd 24–35), middle adolescent (pnd 36–47), late adolescent (pnd 48–59),
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and adult (pnd 60+) similar to ages defined by Adriani et al. [19]. All procedures were
approved by the University of Colorado’s Institutional Animal Care and Use Committee.

2.3 Oral Nicotine Consumption
A two bottle free choice paradigm was used as previously described [20] with the exception
that the nicotine concentrations used in the current study were reduced to 10 μg/ml, 20 μg/
ml and 30 μg/ml. Preliminary studies with adolescent animals indicated that animals would
not reliably consume measurable amounts of higher nicotine concentrations (25, 50, and 100
μg/ml). Approximately 24–48 hours before the start of the experiment, mice that were either
pnd 22–23, pnd 34–35, pnd 46–47, or 60+ days old were weighed, singly housed, and given
free access to food and water. At the start of the experiment, mice were given two glass
bottles (18 × 150 mm glass culture tubes (Corning, Corning, NY)) fitted with standard
stainless steel sipper tubes mounted in rubber stoppers (size 0)). One of the bottles contained
fresh tap water and the other contained 10 μg/ml nicotine in fresh tap water. Mice and
bottles were weighed daily. The bottles also were rotated each day to account for potential
side bias. After four days, the nicotine concentration was increased to 20 μg/ml and animals
were given fresh water. Following the four days of 20 μg/ml nicotine solution, the nicotine
concentration was increased to 30 μg/ml for four days and animals received fresh water. In
addition, cages without mice were fitted with two glass bottles with standard sipper tubes.
The bottles were rotated and weighed daily to determine volume lost due to spillage and
evaporation during the experiment. Approximately 10–20 animals of each strain, age and
sex were tested in the nicotine oral preference paradigm. Data were calculated for all age
groups (early, middle, late adolescents and adults) to determine the preference ratio (percent
of nicotine consumed relative to total fluid consumed) of nicotine consumption to water
consumption at each nicotine concentration.

After initial nicotine preference was measured in each group of animals, animals were
returned to their home cage with their littermates for 2 months and then retested using the
same oral nicotine preference paradigm. Data was calculated for each group to determine
nicotine preference.

2.4 Elevated Zero Maze
Zero maze activity was measured in naive C57BL/6J and C3H/Ibg animals during early
adolescence (between pnd 24–35), middle adolescence (between pnd 36–47), late
adolescence (48–59), and adulthood (60+ days old). Each age group was an independent set
of animals. For testing, mice were transferred to the room with the zero mazes and allowed
to acclimate for two hours before the start of the experiment. The zero mazes (AccuScan
Instruments, Inc., Columbus, OH) were elevated 109 cm above the floor and composed of a
black circular ring, 30 cm in diameter and 5 cm wide. The circular platform was divided into
4 quadrants. Quadrants 1 and 3 were closed sections with 28.5 cm tall clear acrylic plastic
pieces surrounding the two sides, while quadrants 2 and 4 were open on both sides but
contained a short lip on the edge of each side of the platform. One at a time, animals were
placed in closed arm quadrant 1 at the start of the experiment. As soon as the animal was
placed in the zero maze, the timer started and data were recorded for 5 minutes. The zero
maze was automated and recorded the amount of time spent in open and closed quadrants.
However, the total number of entries into open/closed arms was not recorded by the
automated system, but this information was scored manually by an experienced
experimenter. The zero maze was cleaned with 70% ethanol prior to each animal being
tested.
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2.5 Statistical Analyses
A threshold of p < 0.05 was set to determine statistical significance, and all data are
represented as an average ± SEM. A 3 way (age X strain x sex) repeated measures analysis
of variance (ANOVA) was employed for nicotine preference (unless specifically stated).
When sphericity was violated, a Greenhouse-Geisser correction was used. A 3 way (age X
strain X sex) multivariate analysis of variance (MANOVA) was used to determine statistical
significance for zero maze measures. Where appropriate, a Bonferroni post hoc analysis was
utilized for age comparisons. If statistical significance was not obtained for any of the
factors and there were no significant interactions with the factors, data were collapsed. In
some cases, a one-way ANOVA was used to examine potential within strain effects of age.
Additionally, a Pearson product-moment correlation coefficient was calculated within each
group to examine the relationship between preference during the initial and retest nicotine
exposures.

3. Results
To assess whether there are genetic background, age, and/or sex effects on nicotine intake,
male and female C3H and C57 mice were tested for oral nicotine preference (figure 1)
during early adolescence (pnd 24–35) (figure 1a), middle adolescence (pnd 36–47) (figure
1b), late adolescence (pnd 48–59) (figure 1c) and adulthood (60+ days) (figure 1d) as
described in the methods. A repeated measures ANOVA showed a significant main effect of
age on nicotine preference (p = 1.2 × 10−5). Post-Hoc analysis indicated that nicotine
preference during early and middle adolescence was decreased relative to late adolescence
and adulthood. In addition, there were significant between-subjects interactions for strain x
age (p = 0.002) and age × sex (p = 0.031). Early adolescent C3H mice displayed a higher
nicotine preference at 10 μg/ml than C57 mice but middle adolescent C57 mice exhibited a
higher nicotine preference at the 20 and 30 μg/ml nicotine solutions. Similar results were
seen when data was calculated as dose in mg/kg (see supplemental materials). Additionally,
females displayed reduced nicotine preference relative to males during middle adolescence
and as adults (data not shown). A within-strain repeated measures ANOVA for C3H animals
(figure 1e) revealed a significant main effect of age (p = 8.9 × 10−6) with the early (p =
0.007) and middle (p = 1.1 × 10−5) adolescent age groups exhibiting significantly lower
preference than the adults. It also was observed that as the nicotine concentrations increased,
nicotine preference in early and middle adolescent C3H animals decreased whereas there
was little change in nicotine preference for adult C3H animals across nicotine
concentrations. A main effect of age on nicotine preference was (figure 1f) also observed in
C57 mice (p = 0.007). Furthermore, a post hoc analysis revealed that nicotine preference in
early adolescent C57 animals was significantly less than in middle adolescent C57 animals
(p = 0.018) and adult C57 animals (p = 0.015) and trended towards being significantly
different from late adolescent C57 animals (p = 0.065).

Following their initial two bottle choice trial, mice were returned to their home cages with
same sex littermates for 2 months and then were retested for nicotine preference using the
same two bottle choice paradigm. A repeated measures ANOVA (figure 2) revealed that age
of first nicotine exposure (p = 0.001), strain (p = 1.3 × 10−5), and sex (p = 0.030) each had
significant effects on nicotine preference during the second exposure. A post-hoc analysis
revealed that animals first exposed to nicotine during early (figure 2a) and middle
adolescence (figure 2b) had reduced preference for nicotine relative to animals first exposed
during adulthood (p = 0.012 and p = 0.01, respectively) (figure 2d). Additionally, females
that were re-exposed to nicotine 2 months following the initial exposure to the drug
displayed reduced nicotine preference as compared to males. The sex difference in nicotine
preference was most pronounced in animals first exposed to nicotine during middle
adolescence or as adults (figures 2b and 2d). Within strain analyses indicated that the effect
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of age of initial exposure on later nicotine preference was strain dependent (figures 2e and
2f). The reduced preference resulting from initial exposure during early and middle
adolescence was observed for C3H mice. However, age of initial exposure did not
significantly affect later nicotine preference in C57BL/6 mice. Similar results were obtained
when nicotine intake was measured by daily dose (mg/kg) (see supplemental information).

A Pearson moment correlation coefficient also was computed to assess the relationship
between nicotine preference during the initial two bottle choice and later two bottle choice
nicotine exposure (table 1). C3H animals first tested during early adolescence displayed no
correlation in nicotine preference upon later exposure at any nicotine concentration while
C57 animals first tested as early adolescence displayed a negative correlation for nicotine
preference at 30 μg/ml when retested (r = −0.445, p = 0.026, n = 25). Middle adolescent
C3H mice displayed a positive correlation with later nicotine preference at the 10 μg/ml
nicotine (r = 0.502, p = 0.001, n = 38), 20 μg/ml nicotine (r = 0.467, p = 0.003, n = 38) and
30 μg/ml nicotine (r = 0.401, p = 0.012) concentrations. C57 middle adolescents also
showered a positive correlation for nicotine preference between initial and retest exposure at
10 μg/ml (r = 0.437, p = 0.005, n = 39) and 20 μg/ml (r = 0.368, p = 0.021, n = 39), but not
at 30 μg/ml. C3H mice first tested during late adolescence showed positive correlation for
nicotine preference at only the highest nicotine concentration tested (30 μg/ml) (r = 0.336, p
= 0.039, n = 38). On the other hand, C57 animals tested for two bottle nicotine preference
displayed no correlation with later testing for this age group. When C3H animals were first
tested for two bottle nicotine preference as adults displayed a positive correlation for
nicotine preference at 30 μg/ml nicotine concentration (r = 0.547, p = 0.015, n = 19).
However, no correlation was detected in C57 animals initially tested as adults.

Anxiety during adolescence may be a contributing factor to smoking initiation and the
development of nicotine dependence [13,11,21]. In addition, there is evidence that the
mouse strains used in this study, C3H and C57, differ in anxiety when tested as adults
[22,23,24] and that there are age [25,26] and sex [27] dependent effects on anxiety related
behaviors in mice. As a result, female and male C3H and C57 animals in each of the four
age groups were assessed for innate anxiety using an elevated zero maze in order to
thoroughly examine age and sex related differences in this measure of anxiety-related
behavior.

Animals in each age group were scored for open quadrant entries (figure 3) and time spent
in the open quadrant (figure 4) of the zero maze. A multivariate analysis of variance
(MANOVA) indicated a significant effect of age (p = 9.6 × 10−16), strain (p = 1.3 × 10−17),
and an age x strain interaction (p = 2.9 × 10−5) (the data were collapsed on sex due to no
effect) for the number of open quadrant entries. Post hoc analyses revealed that early
adolescent animals (figure 3a) exhibited fewer open quadrant entries compared to middle
adolescents (p = 1.5 × 10−6) (figure 3b) and late adolescents (p = 0.013) (figure 3c).
Additionally, adults (figure 3d) displayed decreased open quadrant entries relative to middle
adolescents (p = 5.2 × 10−13) (figure 3b) and late adolescents (p = 3.0 × 10−7) (figure 3c).
For time spent in the open quadrants (figure 4) there was an effect of strain (p = 9.0 × 10−12)
where C57 animals spent more time in the open quadrants compared to C3H animals. There
was not an effect of age or a strain by age interaction for time spent in the open quadrant. In
summary, C3H animals exhibited lower open quadrant entries and decreased time in the
open quadrants across all age groups and therefore, display more anxiety-like behaviors
compared to C57 animals regardless of age tested. Age seemed to affect only the number of
open quadrant entries whereas strain influenced both open quadrant entries and time spent in
open quadrants.
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4. Discussion
In this study, oral nicotine preference in C3H/Ibg and C57BL/6J mice was assessed at 10, 20
and 30 μg/ml nicotine in early (pnd 24), middle (pnd 36), and late adolescent animals (pnd
48) as well as adult animals (60+ days). The inbred mouse strains C3H/Ibg and C57BL/6J
were chosen for this study because they have been shown to be near opposite extremes for
nearly all measures of nicotine sensitivity when tested as adults [28,29,30,31]. Results from
this study indicate that there is a significant effect of age tested, strain x age interaction, and
age x sex interaction for nicotine preference. Between strain comparisons indicated that
early adolescent mice C3H exhibited greater preference than early adolescent C57BL/6 mice
at the 10 μg/ml concentration of nicotine while middle adolescent C57BL/6J mice had
greater preference for the 20 and 30 μg/ml nicotine concentrations than did C3H mice.
Within strain comparisons indicated that early and middle adolescent mice but not late
adolescent mice differed from adults for nicotine preference in C3H mice while only early
adolescent animals differed from adults in C57BL/6 mice. In all cases where there was a
difference in nicotine preference between adolescents and adults, adolescents consistently
had a reduced preference for nicotine.

The nicotine preference data indicate that although age can influence nicotine intake, the
influence of age is strain dependent. Moreover, when age-dependent effects on nicotine
intake were observed in this study, adolescent animals exhibit reduced preference relative to
adults. This finding is in contrast to other intake studies that have shown that adolescent
mice, and in particular, early adolescent mice, exhibit higher nicotine preference [32,19,33]
or increased sensitivity to nicotine-induced conditioned place preference [34,35] relative to
adult animals. It remains to be determined why the data in the current study do not suggest a
greater vulnerability to nicotine intake during adolescence. The apparently conflicting
results could be due to stain differences and/or procedural differences as the study by
Adriani et al. used a different mouse stock (CD-1), a restricted access to fluid and group
housing of animals except during their drinking period. It also cannot be ruled out that the
adolescent mice in the current study are drinking less nicotine because they are more
sensitive to the reinforcing properties of nicotine [36,35,34] and as such, require lower doses
to obtain the desired effect. However, the motivation for the observed differences in oral
nicotine intake across the age groups is not clear. Several factors such as age and strain
differences in sensitivity to the reinforcing or aversive effects of nicotine, tolerance
development to nicotine, taste reactivity to nicotine, etc. could each contribute to age and
strain effects in nicotine intake. Nonetheless, the data described in this report are consistent
with the data reported by Shram et al. [37] who found that adolescent rats have reduced
intraveneous nicotine self-administration compared to adults under a progressive ratio
design. Thus, it appears that whether adolescent rodents show increased drug intake is
paradigm specific and not a universal phenomenon.

Previous studies have shown that exposure to nicotine during adolescence, usually via
means of a drug injection, tends to increase nicotine reward in adult animals [16,17,18].
However, this phenomenon was not observed in the current study. Nicotine preference in re-
exposed C57BL/6J mice was not affected by the age of initial exposure to nicotine. In
contrast, there was an age of initial exposure effect on nicotine preference in C3H mice.
However, the effect was for initial exposure during early and middle adolescence to
decrease nicotine preference in re-tested mice relative to re-tested animals whose initial
exposure to nicotine was as adults. One explanation for these apparently discrepant findings
is that in the previously published reports, nicotine exposure during adolescence was forced.
Animals were treated with nicotine either via injections or osmotic mini-pumps. In the
current study, nicotine dose was controlled by the animals as a result of free choice nicotine
intake. These results suggest that when nicotine doses are self-regulated during adolescence,

Wilking et al. Page 6

Behav Brain Res. Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



they do not lead to heightened reward for nicotine at later ages and in fact, in some
conditions, may lead to reduced reward/drug intake at later ages. This possibility is
supported by recent reports by Nesil et al [33,38] who found that free choice oral nicotine
consumption in adolescent rats decreased nicotine reinforcement as well as nicotine intake
in adults. It is worth noting that significant within-animal correlations were observed
between initial nicotine preference and retest preference. Seven of the eight significant
correlations were positive indicating that animals with greater nicotine preference during
their initial exposure also exhibited greater preference during their second exposure. Most of
the positive significant correlations (5 of 7) were for test-retest data from middle
adolescence for both C3H and C57BL/6 mice. This finding suggests that innate differences
in nicotine preference during middle adolescence are a major determinant of subsequent
nicotine intake behavior.

There is evidence that females are more vulnerable to the effects of tobacco. Females
generally consume more tobacco products and have more difficulty quitting [39,40,41,42].
However, the influence of sex on oral nicotine intake in rodents is equivocal. For example,
in adult rodents, some studies have observed sex differences [20] some have not [43] and
others have found that the effect of sex on nicotine intake is measure-dependent [44].
Likewise, sex appears to impact nicotine intake during adolescence in some studies [45] but
not others [33]. Consequently, this study sought to further examine whether nicotine
preference across various age groups was affected by sex. Results indicated that there was
no main effect of sex on initial nicotine preference, although there was a trend toward
significance (p = 0.065) with females displaying a lower preference for nicotine than males.
However, there was a significant age by sex interaction, indicating that both age of exposure
as well as sex influence initial nicotine intake with middle adolescent and adult females
displaying lower nicotine preference. Moreover, there was a significant main effect of sex
on nicotine preference following the initial nicotine preference with females again
displaying decreased nicotine preference. The greatest difference in nicotine preference
between females and males was in the groups first exposed to nicotine during middle
adolescence and as adults, the two age groups where females initially had reduced
preference for nicotine relative to males. This suggests that female mice might be more
susceptible to an aversive effect of nicotine at these ages and exposure during this period
may lead to long term avoidance of nicotine.

The modest reduction in nicotine preference among middle adolescent and adult females
observed in this study is in contrast to the prior studies where sex differences had been
observed. In these previous studies, females exhibited greater nicotine intake than males.
However, in the previous studies where sex differences were observed, higher nicotine
concentrations were used suggesting that increased nicotine preference in females may be
nicotine concentration dependent. In support of this possibility, sex differences in nicotine
intake were, in fact, concentration dependent in the study reported by Klein et al. [46]. At
low concentrations of nicotine (in the range of those used in the current study) no sex
difference in nicotine intake was observed while at higher concentrations females consumed
more nicotine than males. Nonetheless, it is clear that there is not a consistent effect of sex
on nicotine intake in rodents.

Adolescence may not only be a period of altered sensitivity to drugs of abuse, it also is a
period of heightened levels of anxiety [47]. Studies in humans suggest that anxiety during
adolescence may increase the risk for developing nicotine dependence [21,13,11]. The few
studies that have examined age effects on anxiety measures in rodents suggest that age has a
modest effect on anxiety measures [48]. The data collected here indicate that age influences
anxiety-like behaviors but in a manner that is genetic background and zero maze measure
dependent. In general, C57 animals displayed lower anxiety-like behaviors relative to C3H
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across all age groups for both open quadrant entries and the time spent in the open
quadrants. This result is consistent with a study by Tarantino et al. [27] who found that adult
C57 animals exhibited more transitions into the open quadrant of the zero maze compared to
another substrain of C3H animals. In the current study, age also affected the number of
transitions into the open quadrant. Both C3H and C57 middle adolescent animals exhibited
more open quadrant entries than any other age group. This finding might suggest an
increased exploratory-like behavior that is age but not strain dependent (in the two strains
tested).

5. Conclusions
In summary, the results of this study indicate that adolescence does not appear to be
universal period of increased nicotine preference. Under conditions of free-choice
unrestricted access to nicotine, nicotine preference is either no different or reduced in
adolescent animals relative to adult animals and is influenced by both adolescent age and
mouse strain. In addition, self-regulated nicotine intake during defined age ranges
throughout adolescence does not lead to heightened intake when animals are re-exposed two
months following the initial exposure. In fact, free-choice nicotine access during
adolescence may actually decrease nicotine preference at a later age depending upon initial
age of exposure, mouse strain, and sex. Similarly, the results of this study indicate that
anxiety-like measures also are both strain and age dependent as well as dependent on the
experimental measure. This study highlights the need for more studies to clarify the
relationship between age, sex and strain on nicotine preference and anxiety.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights

• adolescence does not appear to be universal period of increased nicotine
preference

• nicotine preference is effected by age, strain x age, and age x sex interactions

• free choice nicotine during adolescence does not increase later nicotine
preference

• anxiety-like measures are strain and age dependent
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Figure 1.
Age and strain effects on nicotine preference. Female and male early adolescent (pnd 24–35)
(a), middle adolescent (pnd 36–47) (b), late adolescent (pnd 48–59) (c), and adult (pnd 60+)
(d) C3H/Ibg and C57BL/6J mice were examined for nicotine preference (percentage of total
daily fluid consumed from the nicotine bottle) in a 2 bottle choice test. Analysis indicated
that there was a main affect of age (p = 1.2 × 10−5) but not strain or sex for nicotine
preference. Within strain results showed that early (p = 0.007) and middle adolescent (p =
1.1 × 10−5) C3H/Ibg mice had reduced preference for nicotine relative to adults (e). In
contrast, early adolescent C57BL/6J mice exhibited reduced preference for nicotine relative
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to middle adolescent (p = 0.018) and adult (p = 0.015) animals (f). Data represent mean ±
SEM.
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Figure 2.
Influence of age of first exposure, strain and sex on nicotine preference two months
following initial free choice intake of nicotine. Two months following initial nicotine
exposure during early adolescence (a), middle adolescence (b), late adolescence (c), or
adulthood (d) mice were retested for nicotine preference. A repeated measures ANOVA
demonstrated that age of first nicotine exposure (p = 0.001), strain (p = 1.3 × 10−5), and sex
(p = 0.030) each had a significant effect on nicotine preference in the retested animals. A
post hoc analysis further indicated that nicotine preference in re-tested animals first exposed
to nicotine during early and middle adolescence was significantly reduced compared to re-
tested animals initially exposed to nicotine as adults. Within strain analyses indicated a
significant effect of age initially exposed to nicotine on later nicotine preference for C3H/
Ibg animals (p = 0.001) (e). A posthoc analysis showed that nicotine preference in re-tested
C3H/Ibg mice first exposed to nicotine during late adolescence was significantly more than
nicotine preference in animals initially exposed to nicotine during early (p = 0.025) and
middle (p = 0.008) adolescence. There was no effect of age initially exposed to nicotine in
retested C57BL/6J animals (f). Data represent mean ± SEM.
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Figure 3.
Age and strain effects on the number of zero maze open quadrant entries. Drug naïve early
adolescent (a), middle adolescent (b), late adolescent (c), and adult (d) inbred animals were
tested on a zero maze for baseline differences in the number of open quadrant entries.
Analysis identified a significant effect of age (p = 9.6 × 10−16), strain (p = 1.3 × 10−17), and
an age x strain interaction (p = 2.9 × 10−5) (the data were collapsed on sex due to no effect)
with middle and late adolescents exhibiting a greater number of open arm entries than either
early adolescent or adult animals. Data represent mean ± SEM.
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Figure 4.
Age and strain effects on time spent in open quadrants of an elevated zero maze. Early
adolescent (a), middle adolescent (b), late adolescent (c), and adult (d) animals were
examined for baseline differences in the total time spent in the open quadrants of the zero
maze. A main effect of strain (p = 9.0 × 10−12) but not age was detected for the time spent in
the open quadrants. C57 animals spent more time in the open quadrants relative to C3H
animals across all age groups. Data represent mean ± SEM.
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