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Although both animal and human studies reveal significant contributions of genetics to
smoking addiction, many human studies were underpowered or biased by potential con-
founding variables, and animal genetic studies are challenged by limited genetic variations
and lack of convincing phenotypes. To address these concerns, we used non-sibling out-
bred CD-1 mice to evaluate individual differences in nicotine preference with a modified
two-bottle oral self-administration model. Animals were first given free access to two bot-
tles, one filled with nicotine dissolved in 2% saccharin and the other with saccharin only.
Under this regular two-bottle choice condition, the majority of animals avoided the nicotine
solution with limited individual differences. However, when we modified the model by intro-
ducing 4 days of exposure to 5% saccharin in the drinking water, the animals significantly
increased nicotine consumption in the two-bottle choice test, with about 30% animals
showing a nicotine preference. Nicotine preference after 5% saccharin treatment remained
elevated throughout the 28 days of the experiment. Further, we found there existed strik-
ing individual differences in nicotine consumption after exposure to 5% saccharin, with
a range of 0–100% of total liquid consumption. The enhanced individual differences and
the ratio of nicotine consumption were observed at different concentrations of nicotine
(10–80 μg/ml) and in both adolescents and adults. Further examination on the induction
mechanism showed that the long-lasting nicotine preference was not correlated with nico-
tine consumption before the induction, 5% saccharin consumption, or weight gain during
the induction. Although liquid consumption during the 4 days of 5% saccharin exposure
was decreased by about 30%, comparable liquid restriction alone for 4 days did not induce
nicotine preference.Together, this study showed a strong and stable nicotine preference in
CD-1 mice, which was induced by a short-term high concentration of saccharin in the drink-
ing water. Considering the nature and heterogeneity of CD-1 mice, the striking individual
differences imply that genetics plays an important role in nicotine preference observed in
these animals.
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INTRODUCTION
Genetic epidemiologic studies have revealed moderate to high her-
itability for smoking-related behaviors (Li et al., 2003; Xian et al.,
2003; Lessov et al., 2004; Ho and Tyndale, 2007). However, the field
is relatively lacking appropriate animal models that can compen-
sate for potential confounding variables in human genetic studies.
To identify susceptibility loci and genes for nicotine dependence-
related behaviors, a genetically variable population is preferred.
Outbred animals, like unrelated humans, have numerous accumu-
lated recombinations, and can offer significantly better mapping
resolution than other traditional mapping populations. The CD-
1 mouse is an outbred line derived from a colony of Swiss mice
started in 1926 (Rice and O’Brien, 1980). They are readily available
from vendors such as Charles River and Harlan. Genetic varia-
tions in CD-1 mice support a complex genetic history similar to
that of a human founder population, and the patterns of linkage

disequilibrium are similar to those in wild-caught mice (Laurie
et al., 2007; Aldinger et al., 2009). The CD-1 line has been applied
to examine the inherent genetic variability for phenotypes such as
ingestion (Lewis et al., 2006), stress reactivity (Touma et al., 2008),
and lithium response (Gould et al., 2007). However, similar work
on smoking-related behaviors has not been reported.

Another challenge for using animal model to study nicotine
addiction-related behavior is that it requires a relatively simple
and easy-to-implement procedure that allows quick processing of
a large number of animals. Various animal behavioral models have
been built to evaluate nicotine addiction. Oral self-administration
with a two-bottle choice provides a self-controlled exposure to
psychostimulants. This model can be set up quickly in each ani-
mal’s home cage, which allows simultaneous testing of the large
number of animals required for genetic screening and quantitative
trait loci (QTL) mapping analysis. Strain differences among several
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inbred lines have been documented in oral nicotine consumption
in mice (Meliska et al., 1995; Robinson et al., 1996), which suggests
that genetic factors underlie oral nicotine consumption. How-
ever, the limitation of this model is that rodents under normal
conditions do not show obvious nicotine preference, and ani-
mals usually are indifferent to or avoid nicotine solutions (Smith
and Roberts, 1995; Robinson et al., 1996; Li et al., 2005), which
makes it difficult to evaluate nicotine addiction. Although nico-
tine preference was observed with restricted daily access to water,
the animals’ normal drinking pattern was obviously changed, and
animals went through daily nicotine withdrawal (Adriani et al.,
2002a,b).

In the present study, we set up a model of nicotine preference
by choosing outbred CD-1 mice and a two-bottle free choice. To
observe nicotine preference, the model was modified by introduc-
ing an induction phase with a high concentration of saccharin.
The mechanism for the induction effect was further investigated
by examination of different ages of animals, physical changes, and
correlation analysis among various physical parameters.

MATERIALS AND METHODS
ANIMALS
Male non-sibling CD-1 mice ordered from Charles River were
maintained in a temperature (21˚C) and humidity (50%) con-
trolled room on a 12-h light–dark cycle (lights on 0700–1900)
with unlimited access to food and liquid. All the animals were
delivered on postnatal day (P) 23. They were habituated to the two
drinking bottles as described below in their home cages for 5 days
before the start of any experiment. The experiments for adolescent
mice started on P29 and those for adults on P60. All experiments
were carried out in accordance with the rules of the Institutional
Animal Care and Use Committee at the University of Virginia and
were consistent with Federal guidelines.

DRUGS
Nicotine free base (Sigma, St. Louis, MO, USA) was dissolved in
2% saccharin sodium (Sigma) and prepared freshly daily at pH 7.0.

ORAL SELF-ADMINISTRATION GENERAL PROCEDURE
Oral self-administration with 24-h free access was conducted in
the home cages. All animals were housed individually. Two water
bottles with fitted drinking tubes were placed in each cage at an
equal distance from the food chamber. Each bottle contained
about 20 ml of liquid. During the nicotine two-bottle choice
test, one bottle was filled with nicotine dissolved in 2% saccha-
rin and the other with 2% saccharin only. The bottle locations
were switched every day to avoid position preference. Animals
were weighed, and the bottles were refilled at 10:00 AM–11:00
AM every day. Liquid consumption from each bottle was mea-
sured by reading the liquid volume and calculating the change
every day. The water bottles were calibrated for fluid loss (evap-
oration and leakage) by placing them in a cage without animals.
Liquid consumption from each bottle was calculated by an extrac-
tion of fluid loss. Induction was introduced in all of the fol-
lowing experiments. If there is no specification, animals were
given only 5% saccharin in both water bottles for 4 days as an
induction.

EXPERIMENT 1: INDUCTION AND CONCENTRATION EFFECT
Ten adolescent mice were given a two-bottle choice with nico-
tine 10 μg/ml for 4 days before the induction and for 12 days
immediately after the induction. The concentration of nicotine
was then increased to 20, 40, 60, and 80 μg/ml, each concentration
being given for 4 days.

EXPERIMENT 2: INDUCTION EFFECT ON DIFFERENT AGES
To examine whether adolescent development is involved in nico-
tine consumption, 10 adolescent and 10 adult mice were given
two-bottle choices with nicotine 40 μg/ml for 4 days before the
induction and for 12 days after the induction. To keep a simi-
lar growing environment, we had the adult animals delivered as
adolescents and raised in the same facility as the adolescent group.

EXPERIMENT 3: SACCHARIN INDUCTION AND LIQUID RESTRICTION
To examine whether water restriction could induce nicotine pref-
erence similar to that induced by 5% saccharin, this experiment
included two groups of adolescents with 10 animals in each group.
Both groups were given two-bottle choices with nicotine 40 μg/ml
for 4 days before and after the induction. The change in liquid
consumption during 5% saccharin induction is determined by
comparing liquid consumption before and during the induction.
A pilot study showed that animals during the induction drank 1/3
less than before the induction. Therefore, one group was given 5%
saccharin as an induction, whereas the other group was given 2/3
of the normal amount of liquid. To further compare within each
individual, the liquid-restricted group was given a second induc-
tion with 5% saccharin followed by a nicotine two-bottle choice
for 5 days.

DATA ANALYSIS
The ratio of nicotine consumption was calculated as a percent-
age of total liquid consumption each day and averaged across
days for the same concentration of nicotine. Nicotine consump-
tion was calculated as micrograms per gram of body weight
every day and averaged across days for the same concentration
of nicotine (Meliska et al., 1995; Robinson et al., 1996). Data
were analyzed with ANOVA followed by appropriate post hoc
tests. Correlation analysis was conducted between the ratios of
nicotine consumption after induction, with ratios of nicotine con-
sumption before induction, 5% saccharin consumption during
induction, and weight gain immediately after 5% saccharin. All
animals (N = 30) from Experiments 1 and 2 were included in the
correlation analysis.

RESULTS
EXPERIMENT 1: 5% SACCHARIN INDUCED NICOTINE PREFERENCE AND
INCREASED INDIVIDUAL VARIATION IN NICOTINE CONSUMPTION
Before 5% saccharin induction, the average consumption ratio of
nicotine 10 μg/ml vs. total liquid was less than 40% (Figure 1A).
At this stage, only 2 of the 10 animals showed a modest nicotine
preference. For the two nicotine-preferring animals, the average
consumption ratios were 75 and 55%, respectively (Figure 1B).
After 5% saccharin induction, the consumption ratio at the
same concentration was increased, as indicated by a significant
induction effect in a two-way repeated measures ANOVA for
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FIGURE 1 | Nicotine consumption before and after 5% saccharin

induction. The ratio of nicotine consumption, calculated as the
percentage of total liquid consumption (A,B), and nicotine consumption
dose, expressed as microgram per gram of body weight (C,D), are
presented as averages across all animals on each day (A,C) and averages
across days for the same concentration of nicotine by each animal (B,D).
Animals were on two-bottle choice between 10 μg/ml nicotine and vehicle

before the induction (10 pre) and were exposed to 5% saccharin in
drinking water for 4 days [gray area in (A,C)]. After induction, animals were
given a two-bottle choice between nicotine 10 μg/ml and vehicle for
12 days, and then 4 days for each of the other concentrations. Note:
*p < 0.05 significant induction effect and +p < 0.05 significant difference
from 10 μg/ml. The same symbols in (B,D) represent the data from the
same animals.

induction × day (F 1, 9 = 5.789; p < 0.05). The consumption ratio
remained elevated throughout the 12 days at 10 μg/ml. Five of the
10 animals showed a nicotine preference, with four animals con-
suming the nicotine solution almost exclusively (Figure 1B). As the
concentration increased every 4 days to 80 μg/ml, nicotine prefer-
ence decreased, which was reflected by a main concentration effect
in a two-way repeated measures ANOVA for concentration × day
(F 4, 32 = 6.271; p = 0.001). However, post hoc analysis revealed no
significant differences between any concentrations (Figure 1A).
Three nicotine-preferring animals kept showing nicotine prefer-
ence, whereas two switched from nicotine preference to aversion
as the concentration increased (Figure 1B).

Animals consumed about 1 μg nicotine per gram of body
weight at the concentration of 10 μg/ml, which was not sig-
nificantly changed by 5% saccharin (F 1, 9 = 0.387; p = 0.549)
due to a decrease in liquid consumption (Figure 1C). Indi-
vidual variation was within 5 μg/g before and after saccharin
treatment (Figure 1D). Nicotine consumption increased signif-
icantly as the concentration increased (Figure 1C). This obser-
vation was confirmed by a significant concentration effect in
a two-way repeated measures ANOVA for concentration × day
(F 1.7, 36 = 8.616; p = 0.004). The individual differences also
increased with the concentration (Figure 1D). The upper limit was
increased with the concentration and tended to reach a plateau at

60 μg/ml, at which animals drank as much as 16 μg/g every day
(Figure 1D).

EXPERIMENT 2: 5% SACCHARIN INDUCED NICOTINE PREFERENCE AND
INCREASED INDIVIDUAL DIFFERENCES IN BOTH ADOLESCENT AND
ADULT MICE
In Experiment 1, animals showed increased nicotine consumption
from adolescence into adulthood. To examine whether adolescent
development is involved in the induction of nicotine preference,
we compared the induction effect in adolescents and adults. We
chose a nicotine concentration of 40 μg/ml, as Experiment 1
showed greater nicotine consumption and stable nicotine pref-
erence at this concentration (Figure 1). Unlike the situation with
10 μg/ml, none of the animals showed a preference for 40 μg/ml
before induction. The highest consumption ratios in both ado-
lescents and adults were about 25% of total liquid consumption
(Figure 2B). However, the ratio of nicotine consumption after
5% saccharin induction increased in both adolescents and adults
without age differences (Figure 2A), as indicated by a signifi-
cant induction effect (F 1, 18 = 36.23; p < 0.0001), but not an age
effect (F 1, 18 = 0.01487; p = 0.9043) in two-way ANOVA for induc-
tion × age. After induction, the consumption ratios ranged from 0
to 100% in both adolescents and adults (Figure 2C). At each age,
4 of the 10 animals showed a nicotine preference. Although the
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FIGURE 2 | Nicotine consumption before and after 5% saccharin

induction in adolescents and adults. The ratio of nicotine
consumption, calculated as the percentage of total liquid consumption
(A–C) and nicotine consumption doses (microgram per gram of body
weight) (D–F) are presented as average daily amounts across all animals

(A,D) and average daily values for each individual animal before (B,E)

and after (C,F) induction. Note: *p < 0.05 and **p < 0.001 significantly
different from pre-induction. The same symbols in pre-induction and
post-induction of adolescents or adults represent data from the same
animals (B,C,E,F).

rest of the animals preferred vehicle to nicotine, the consumption
ratios were also increased after induction (Figure 2C).

Nicotine consumption dose showed a pattern similar to that in
the ratio of consumption (Figures 2D–F). The 5% saccharin expo-
sure significantly increased nicotine consumption (F 1, 18 = 18.14;
p < 0.0005, two-way ANOVA for induction × age) in both ado-
lescents (p < 0.01) and adults (p < 0.05) without age differences
(F 1, 18 = 0.06748; p = 0.7980, two-way ANOVA; Figure 2D). Both
adolescents and adults consumed nicotine as much as 3 μg/g
before saccharin induction (Figure 2E), whereas after induc-
tion, adolescents consumed as much as 10 μg/g, whereas adults
consumed as much as 8 μg/g (Figure 2F).

EXPERIMENT 3: INCREASED NICOTINE CONSUMPTION WAS NOT
SECONDARY TO WATER RESTRICTION DURING INDUCTION
During the 4 days of 5% saccharin induction, total liquid con-
sumption decreased significantly (F 1, 9 = 41.932; p < 0.001, two-
way repeated measures ANOVA for induction × day; Figure 3B).
To examine whether the greater nicotine consumption following
5% saccharin was secondary to limited liquid consumption, ani-
mals were treated by either water restriction or 5% saccharin for
4 days. The two groups of animals drank similar amount of liq-
uid before (F 1, 18 = 0.127; p = 0.726) and during (F 1, 18 = 1.361;
p = 0.259, two-way ANOVA for group × day) the induction period
(Figure 3B). However, the water-restricted group drank signifi-
cantly more water after induction than the 5% saccharin group
(F 1, 18 = 8.752; p = 0.008, two-way ANOVA for group × day). The
ratio of nicotine consumption showed a significant interaction of
group (5% saccharin vs. water restriction) with induction (before

vs. after induction; F 1, 18 = 10.798; p = 0.004; three-way ANOVA
for group × induction × day; Figure 3A). The 5% saccharin expo-
sure significantly increased the ratio of nicotine consumption
(F 1, 9 = 10.004; p = 0.011, two-way repeated measures ANOVA
for induction × day), whereas water restriction had no signifi-
cant effect (F 1, 9 = 1.632; p = 0.233; Figure 3A). To compare the
induction effect within the same animals, water-restricted animals
were given 5% saccharin induction afterward. Similar to the find-
ings in the other group, total liquid consumption was significantly
reduced during 5% saccharin induction (F 1, 9 = 43.086; p < 0.001;
Figure 3B), and nicotine consumption increased significantly after
the induction (F 1, 9 = 9.828; p = 0.012; Figure 2A).

The body weights of the two groups of animals were similar
before and after induction. Body weight decreased significantly
during 5% saccharin induction (F 1, 9 = 16.122; p = 0.003, two-
way repeated measures ANOVA for induction × day; Figure 3C).
Although the water-restricted group tended to weigh less than
the 5% saccharin group during induction, the difference did not
reach significance (F 1, 18 = 3.916; p = 0.063, two-way ANOVA for
group × day). When the water-restricted animals were given 4 days
of 5% saccharin afterward, the body weight decreased significantly
(F 1, 9 = 5.346; p = 0.046, two-way repeated measures ANOVA for
induction × day), as observed in the other group.

INDUCED NICOTINE PREFERENCE IS INDEPENDENT OF NICOTINE
CONSUMPTION BEFORE INDUCTION, 5% SACCHARIN CONSUMPTION,
AND WEIGHT GAIN DURING THE INDUCTION
The ratio of nicotine consumption after induction was not cor-
related with that before induction (r = 0.1158; p = 0.5424) or
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FIGURE 3 | Comparisons of the effects of 5% saccharin and water

restriction on nicotine consumption (A), total liquid consumption (B),

and body weight (C). The percentages of all liquid consumption are
presented as averages across all animals in water-restricted group (open

symbol) and 5% saccharin group (closed symbol) on each day. Shaded areas
represent induction stages. Note: *p < 0.05, **p < 0.01, and ***p < 0.001
significantly different from pre-induction; ++p < 0.01 and +++p < 0.001
significant difference between groups.

with 5% saccharin consumption (r = 0.07880; p = 0.6789) or body
weight gain during induction (r = −0.004982; p = 0.9792). How-
ever, we observed a significant positive correlation between the
ratio of nicotine consumption before induction and 5% saccharin
consumption during induction (r = 0.7932; p < 0.0001).

DISCUSSION
Genetic factors contribute to smoking addiction, which is reflected
in individual differences in various smoking-related behaviors.
Similar to human beings, outbred animals are genetically varied.
In the present study, we demonstrated different behaviors existed
in response to nicotine in non-sibling CD-1 mice. Although mice
do not normally show obvious nicotine preference through water

bottles, a stable and strong preference could be induced by a short
period of forced drinking of 5% saccharin. After the induction,
striking individual differences were observed in nicotine consump-
tion, with a range from complete avoidance to consumption of
nicotine solution only. Given that we used non-sibling hetero-
geneous stock animals, genetic variation is likely to contribute
to the striking individual differences observed in the nicotine
consumption of these CD-1 mice.

STABLE NICOTINE PREFERENCE INDUCED BY 5% SACCHARIN IN
DRINKING WATER
We observed avoidance of nicotine by CD-1 mice under normal
two-bottle choice conditions. Even after 30 days of two-bottle
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choices, none of the animals developed a preference for nico-
tine at concentrations ranging from 40 to 120 μg/ml (data not
shown). This is consistent with previous reports that rodents,
including various inbred lines and outbred stocks, do not nor-
mally show a nicotine preference through water bottles (Smith
and Roberts, 1995; Robinson et al., 1996; Li et al., 2005). Although
we did observe a few animals with a moderate preference for nico-
tine at a low concentration (10 μg/ml), the preference was not
stable: it was most obvious on the first day and then changed
to nicotine avoidance within the following several days. In con-
trast, after a short-term exposure to 5% saccharin, a very strong
and stable nicotine preference was induced in about 30% of the
animals. These animals drank almost entirely from the nicotine
bottles from the first day after the induction, and the preference
remained throughout the 28 days of the experiment. It appears to
be a stronger preference than that seen under any other conditions
such as prenatal nicotine exposure or restricted daily access to
water (Meliska et al., 1995; Adriani et al., 2002a; Klein et al., 2003,
2004). Because the strong nicotine preference already reached
about 100% at the lowest nicotine concentration tested, the ceil-
ing effect may explain the plateau in the consumption ratios
as nicotine concentration increased. At the same time, nicotine
consumption doses increased in tandem with the nicotine con-
centration, which supports a concentration-dependent effect in
the nicotine-preferring animals. We also observed that nicotine
consumption doses were proportional to nicotine concentration
in these animals, which may reflect the fact that nicotine con-
sumption is limited by the daily liquid consumption. Another
10% of animals switched from nicotine preference to avoid-
ance. This switch was more likely attributable to a concentration
effect rather than a wearing off of the induction effect, as the
switch was also observed on the ninth day after the induction as
the concentration increased to 120 μg/ml (data not shown). The
decrease in nicotine consumption ratio as nicotine concentration
increased was also observed in the nicotine-avoiding animals. This
concentration–effect correlation is consistent with previous nico-
tine oral self-administration behavior (Robinson et al., 1996). The
nicotine-preferring animals may either be more sensitive to the
rewarding effect or more tolerant of the aversive effect of nicotine
or both after induction. Oral consumption of similar amounts of
nicotine results in detectable plasma concentrations of nicotine
and cotinine, the primary metabolite of nicotine (Adriani et al.,
2002a; Klein et al., 2004; Theophilus et al., 2012), which suggests
pharmacologic effects.

Although 30% of the animals developed a nicotine preference
after induction at both 10 and 40 μg/ml, our data suggest that
the lower concentration will be a better starting concentration
for animals to develop a strong and stable nicotine preference.
This is consistent with the current strategies for inducing drug
dependence in animals, which normally start with low concentra-
tions. It also is similar to the development of smoking addiction,
which usually starts as light smoking and gradually progresses
to heavy use. Together, our findings indicate that 5% saccharin
induction, combined with critical factors such as nicotine concen-
tration range, can cause a stable and strong nicotine preference in
the two-bottle choice model.

MECHANISMS UNDERLYING THE INDUCTION EFFECT
After short-term exposure to 5% saccharin, animals showed
enhanced nicotine preference; suggesting that the high concentra-
tion of saccharin served as an inducing factor. The 5% saccharin
did not simply magnify the individual differences, as the ratio
of nicotine consumption before and after the induction did not
correlate. In fact, the most obvious changes during 5% saccha-
rin induction were decreases in liquid consumption and in body
weight. The decrease in liquid consumption is unlikely to induce
nicotine preference, as liquid restriction alone did not have this
effect. The lack of correlation between nicotine preference after
induction and liquid consumption during induction further sug-
gests that nicotine preference is not secondary to short-term of
liquid restriction. Moreover, previous study suggested that water
restriction on a daily basis is required to induce nicotine prefer-
ence (Adriani et al., 2002a). The decrease in body weight during
the induction is unlikely to induce nicotine preference, as there was
no correlation between alterations in nicotine consumption and
body weight. Moreover, even though animals lost weight during
the induction, they recovered immediately afterward. Liquid con-
sumption was still lower than normal even after induction. This is
most likely to be secondary to an increase in nicotine consumption
because the animals drank similar amounts of liquid when nico-
tine was not provided (data not shown). The decrease in liquid
consumption is consistent with other report that nicotine con-
sumption reduces water consumption (Grunberg, 1982; Bowen
et al., 1986; Murrin et al., 1987; Robinson et al., 1996). Given that
both adolescents and adults increased nicotine consumption after
exposure to high concentration of saccharin, we conclude that the
induction is independent of adolescent development.

The mechanism of induction is not fully understood. High con-
centrations of saccharin have been suggested to have a bitter taste,
contrasting with the sweet taste at low concentrations (Schiffman
et al., 1979; Dess, 1993; Horne et al., 2002; Damak et al., 2003). It
is possible that a high concentration of saccharin alters the sense
of taste, which is supported by the observation that 5% saccha-
rin consumption during induction was positively correlated with
nicotine consumption before but not after induction. On the other
hand, 5% saccharin may directly change the central reward circuits
and increase sensitivity to the rewarding effect of nicotine. Numer-
ous studies have shown that previous exposure to natural reward
or addictive drugs can cross-sensitize animals to other addictive
substances through the common reward circuits (Itzhak and Mar-
tin, 1999; Biala and Weglinska, 2004; Clark and Bernstein, 2006;
Avena et al., 2008). High concentrations of saccharin, despite the
aversive taste, have strong rewarding, conditioned reinforcing, and
memory-improving properties (Stefurak and van der Kooy, 1992).
Therefore, it is likely that a high concentration of saccharin func-
tions as an addictive substance, sensitizing the rewarding neuronal
circuits.

INDIVIDUAL DIFFERENCES IN NICOTINE PREFERENCE
We observed significant individual differences in the induction
of nicotine preference, in which 30% animals developed a stable
preference for nicotine, 10% of the animals switched from prefer-
ence to aversion, whereas 60% of animals showed stable nicotine
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avoidance. Although environmental factors such as those in the
maternal care and breeding environment may be involved, the
striking individual differences between 0 and 100% in nicotine
consumption cannot be simply explained by these environmental
factors. Moreover, we observed that the ratios of nicotine con-
sumption after the induction ranged from 5 to 50% in inbred
DBA mice and from 22 to 50% in C57B6 mice. These individ-
ual differences in inbred lines are much smaller than CD-1 mice.
Given the breeding history of CD-1 mice, it is highly likely that
genetics factors contribute greatly to those observed individual
differences. This is consistent with previous reports of strain dif-
ferences in sensitivity to nicotine (Marks et al., 1986; Meliska et al.,
1995; Robinson et al., 1996). Our observation also supports the
view that individual differences resulting from genetic variation
should be taken into account in toxicology, pharmacology, and
basic research using outbred stocks (Chia et al., 2005). On the
other hand, the individual differences suggest its application to
genetic analysis of nicotine preference. Outbred animals has been
emphasized in genetic analysis of complex traits (Chia et al., 2005;
Flint et al., 2005). Compared with crosses from inbred lines, out-
bred stocks provide much higher mapping resolution for QTL

analysis (Talbot et al., 1999; Valdar et al., 2006; Ghazalpour et al.,
2008) and have been successful in susceptibility gene identifica-
tions (Yalcin et al., 2004, 2010). CD-1, a relatively cheap and easily
available stock, has been suggested to be suitable for genome-wide
association studies (Aldinger et al., 2009) and has been used to
evaluate inheritable genetic variation for common laboratory and
complex human phenotypes (Lewis et al., 2006; Gould et al., 2007;
Touma et al., 2008).

In summary, we describe a modified nicotine oral self-
administration model, in which a long-lasting and stable nicotine
preference could be induced by a short period of forced drinking of
5% saccharin. Moreover, non-sibling CD-1 mice showed striking
individual differences in nicotine consumption, which indicates
that great genetic differences exist among CD-1 mice and thus CD-
1 represents a valuable animal strain in genetic study of smoking
addiction.
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