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Abstract

Although genetic and early environmental factors interact to affect drug abuse in humans, surprisingly few tractable laboratory animal models
have been developed. Using reciprocal cross-fostering of the inbred Fischer and Lewis rat strains, we recently reported significant gene-
environment interaction effects on responses to the aversive properties of 32 mg/kg subcutaneous cocaine, but only in females [Roma PG., Davis
CM, Riley AL. Effects of cross-fostering on cocaine-induced conditioned taste aversions in Fischer and Lewis rats. Dev Psychobiol 2007;49:172–
9]. The present study describes a follow-up analysis tracking the extinction of the equally acquired cocaine aversions in the adult male Fischer and
Lewis rats raised by either Fischer or Lewis dams (n=11–12/group). Based on mean consumption, after eight saccharin–saline pairings, the in-
fostered Fischer rats never extinguished while the Lewis animals fully extinguished; however, the cross-fostered Fischer rats partially
extinguished, while extinction was completely suppressed in the cross-fostered Lewis animals. Based on documented strain differences in
avoidance behavior and stress reactivity, the data were interpreted in terms of differential sensitivity to conditioned aversive stimulation. These
data join other examples of cross-fostering effects on physiology and behavior in these strains and further support the use of the Fischer–Lewis
model for exploring gene-environment interaction in drug-induced phenotypes.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

When considering the etiology of psychiatric disorders,
compelling demonstrations of the interplay between genetic and
early environmental factors have left little room for the
conventions of the nature versus nurture debate (Meaney,
2001; McClearn, 2004; Moffitt et al., 2006; Robinson, 2004;
Rutter et al., 2006). In addition to anxiety and depression, the
conceptual framework of gene-environment interaction has also
been valuable for understanding the etiology of drug abuse in
humans (Cloninger et al., 1982; Dick et al., 2006; Kendler et al.,
2005; National Institute on Drug Abuse [NIDA], 1996). In the
laboratory, researchers utilize a variety of innovative animal
models to explore genetic (Crabbe, 2002) and environmental
(Lu et al., 2003) influences on responses to drugs of abuse, but
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despite acknowledgement of the interactive nature of these
factors (Enoch and Goldman, 2001), surprisingly few explicit
experimental demonstrations of gene-environment interactions
within a developmental framework have been published.

Some notable examples come from the primate literature.
For example, female rhesus monkeys that are heterozygous with
both long and short allelic variants (l/s) of the serotonin
transporter gene promoter region (rh5HTTPLR) show an
increased preference for self-administered alcohol compared
to their homozygous l/l counterparts. However, the effect of
genotype is only evident in l/s animals that were reared in peer-
only groups throughout infancy; mother-reared monkeys of
both genotypes exhibit identical alcohol preferences (Barr et al.,
2004). A similar pattern was also observed with acute
intoxication scores in response to intravenous ethanol admin-
istration (Barr et al., 2003). Other behavioral pharmacological
research directed towards gene-environment interaction comes
from Ellenbroek, Cools and colleagues, who, in addition to
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assessing acute stress effects in adulthood (van der Kam et al.,
2005a,b, 2006), have explored the effects of specific neonatal
manipulations on their selectively bred apomorphine suscepti-
ble (APO-SUS) and unsusceptible (APO-UNSUS) lines of
Wistar-derived rats (see Ellenbroek and Cools, 2002). Within
this presumably genetic model, a single 24-h episode of early
maternal deprivation led to increased apomorphine-induced
gnawing responses in adult UNSUS rats relative to their non-
separated controls, while SUS rats reared by UNSUS dams were
significantly less responsive than SUS rats reared by SUS dams
(Ellenbroek et al., 2000).

In recent years, our laboratory has begun exploring gene-
environment interaction effects with a focus on the aversive
properties of abused drugs in the inbred Fischer and Lewis rat
strains (Riley et al., in press). Using reciprocal cross-fostering
(Ressler, 1962; cf. Gomez-Serrano et al., 2001, 2002) followed
by conditioned taste aversion (CTA) training in adulthood,
established strain differences in sensitivity to the aversive
effects of morphine and cocaine have been shown to be
influenced by both genotype and maternal environment.
Specifically, Lewis rats are virtually immune to morphine-
induced CTA (Lancellotti et al., 2001), yet male Lewis animals
reared by Fischer dams developed stronger CTAs to 10 mg/kg
morphine than their in-fostered counterparts, with a similar
pattern observed in females at 32 mg/kg (Gomez-Serrano, 2005;
see Riley et al., in press). Regarding stimulant drugs, although
cross-fostering appears not to influence amphetamine-induced
locomotor activity in these strains (Wood et al., 2001), the
aversive properties of cocaine do appear subject to gene-
environment interaction effects. Fischer females acquire weaker
cocaine-induced CTAs than do Lewis females (Glowa et al.,
1994); however, we recently reported that female Fischer rats
reared by Lewis dams acquired aversions induced by 32 mg/kg
cocaine equally robust as their counterparts of the Lewis
genotype (Roma et al., 2007).

Unlike with morphine, sensitivity to the aversive effects of
32 mg/kg cocaine among Fischer and Lewis males did not vary
by genotype or maternal environment, as all groups acquired
equally strong CTAs. Nonetheless, this lack of effect during
acquisition provided a unique opportunity to assess gene-
environment interaction in the extinction of cocaine's condi-
tioned aversive effects. Despite its name, extinction of a learned
response is generally recognized as an active learning process
rather than the simple loss of an existing association (Rescorla,
2001), and monitoring the extinction of an avoidance response
such as drug-induced CTA may reveal differences between
groups that are not apparent during acquisition (e.g., Kunin et
al., 2001). The following report presents supplementary CTA
extinction data from the in-fostered and cross-fostered adult
male Fischer and Lewis subjects previously reported to acquire
equivalent aversions to 32 mg/kg cocaine (Roma et al., 2007).
Given that male Fischer and Lewis rats acquired cocaine-
induced aversions at identical rates, this assessment provides a
view of strain differences in response to the removal of
cocaine's unconditioned aversive effects within a CTA
preparation, while the cross-fostering manipulation permits
evaluation of gene-environment interactions therein.
2. Method

2.1. Subjects

A total of 60 rats served in the experiment (12 dams and 48
pups); 6 dams and 24 pups were of the Fischer strain (F344/
SsNHsd), and 6 dams and 24 pups were of the Lewis strain
(LEW/NH). Within 18 h of birth, the pups were assigned to
unrelated dams of either their own strain (in-fostered) or of the
other strain (cross-fostered). This manipulation created four
experimental groups: Fischer pups raised by Fischer dams (F/F),
Fischer pups raised by Lewis dams (F/L), Lewis pups raised by
Lewis dams (L/L) and Lewis pups raised by Fischer dams (L/F).
Animal housing rooms operated on a 12-h light/dark schedule
(lights on at 0800 h) and were maintained at an ambient
temperature of 23 °C; all CTA procedures were conducted
between 0900 h and 1300 h. For additional details of the cross-
fostering, rearing and housing conditions for these animals, see
Roma et al. (2007). All procedures described in this report were
in compliance with the US Animal Welfare Act and National
Research Council guidelines (1996, 2003) and were approved
by the Institutional Animal Care and Use Committee at
American University.

2.2. Drugs and solutions

Cocaine hydrochloride (generously supplied by NIDA) was
prepared in a 50 mg/ml solution in saline and administered via
subcutaneous (SC) injection at a dose of 32 mg/kg. All non-
drug saline injections were also administered SC and were
equivolume to cocaine. Sodium Saccharin (Sigma) was
prepared as a 1 g/L (0.1%) solution in tap water.

The cocaine dose and concentration profile was intended to
replicate Glowa et al. (1994); however, SC cocaine under these
conditions is known to produce necrotic lesions at the injection
site. Although the strains did not visibly differ in lesion severity,
in order to minimize discomfort, each cocaine injection was
administered at a different site along each rat's dorsum during
acquisition; necrotic sites were also avoided during extinction,
with no injections administered at an unhealed site.

2.3. CTA training

2.3.1. Acquisition
As adults, the individually housed animals were maintained

on ad libitum food, but were acclimated to 20-min per day water
access prior to CTA training. During the Acquisition phase, the
rats received access to the saccharin solution followed
immediately by cocaine injection. The following three days
consisted of water access and no injections; this cycle was
repeated for a total of five cycles (CTA 1–5). Additional details
of the habituation and acquisition procedures conducted in these
subjects are described in Roma et al. (2007).

2.3.2. Extinction
The final saccharin presentation of the CTA Acquisition

phase described above also served as the first day of the CTA
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Extinction phase (EXT), where saccharin consumption was
followed by injection of SC saline instead of cocaine. All
procedures and conditioning cycles during Extinction were
identical to that of Acquisition except 1) saccharin presentations
were followed by saline injections, and 2) the Extinction phase
was carried out for a total of eight consecutive cycles. The
Extinction phase culminated in a final saccharin presentation
after the last day of the 8th conditioning cycle.

2.4. Data analysis

The data in this report describe the behavior of 11–12
animals per group. Mean (±SD) saccharin consumption on CTA
1 (Baseline) was 7.47±2.74 ml in animals of the Fischer
genotype and 10.54±2.15 ml in animals of the Lewis genotype.
A preliminary analysis of variance (ANOVA) revealed that this
pre-conditioning difference in consumption was significant (F
(1,42)=18.28, pb .001); therefore, in order to facilitate
comparisons across groups, individual data at each trial were
expressed as a percent of baseline consumption (i.e., percentage
of the amount of saccharin consumed on CTA 1). Formal
statistical analysis was accomplished via mixed ANOVA, and
post-hoc analyses were conducted via Tukey-corrected compar-
isons and paired-samples t-tests. Statistical significance for all
analyses was set at α= .05 (two-tailed when applicable).

3. Results

A12×2×2mixed ANOVAwith a repeated-measures factor of
Trial (CTA 1–4, CTA 5/EXT 1, and EXT 2–8) and between-
groups factors of Genotype (Fischer or Lewis) and Rearing
environment (In-Fostered or Cross-Fostered) was performed with
percent of CTA 1 consumption as the dependent variable. The
ANOVA yielded a significant main effect of Trial (F(11,462)=
79.86, pb .001) and significant Trial×Genotype (F(11,462)=
3.13, pb .001) and Genotype×Rearing (F(1,42)=8.77, pb .01)
Fig. 1. Acquisition and extinction of conditioned taste aversions induced by 32 mg/
dams. F/F=Fischer rats raised by Fischer dams (in-fostered), F/L=Fischer raised by L
(n=11–12 per group). All groups acquired equally robust aversions; however, pronou
extinction. Significant strain differences in mean saccharin consumption (F/F vs. L/L)
vs. L/F) is indicated by # (pb .05). Acquisition data (CTA 1-CTA 5) redrawn from
interactions. Themain effects ofGenotype andRearing, aswell as
the Trial×Rearing interaction, were not significant (Fsb1.72,
psN .06); however, the analysis did reveal a significant Trial×-
Genotype×Rearing interaction (F(11,462)=7.10, pb .001).
Given the significant interaction of all three factors, Tukey-
corrected comparisons were performed in order to determine
specific between-groups differences at each trial. Response
patterns within each group across the experiment were evaluated
by paired-samples t-tests at consecutive trials (except where
noted).

3.1. CTA acquisition

As previously reported in these subjects (Roma et al., 2007),
there were no between-groups differences in the strength of the
CTA response through CTA 5/EXT 1 (psN .40). For all groups,
consumption decreased from CTAs 1 to 2 (tsN12.45, psb .001),
but consumption on CTAs 3 and 4 did not differ in any group
(tsb1.84, psN .09).

3.2. CTA extinction

Saccharin consumption did not differ between groups from
CTA 5/EXT 1 through EXT 5 (psN .10). However, as seen in
Fig. 1, the variations in within-group patterns of extinction
produced both strain differences and cross-fostering effects.

3.2.1. Strain differences
Significant decreases in consumption by the in-fostered

Fischer animals (F/F) ceased by CTA 3, and no two subsequent
consecutive trials differed through EXT 8 (t(10)sb2.04,
psN .06). The F/F group's failure to extinguish was also evident
in their significantly lower consumption on EXT 8 compared to
CTA 1 (t(10)=12.90, pb .001). In contrast, the in-fostered
Lewis animals (L/L) reached their maximum aversion at CTA 2,
but began to emerge from their avoidance response by the 5th
kg SC cocaine in adult male Fischer and Lewis rats reared by Fischer or Lewis
ewis (cross-fostered), L/L=Lewis raised by Lewis, L/F=Lewis raised by Fischer
nced strain differences and gene-environment interaction effects emerged during
are indicated by ⁎ (pb .05) and ⁎⁎ (pb .01); significant cross-fostering effect (L/L
Roma et al. (2007).



Fig. 2. Raw daily mean fluid consumption (top panel) and body weights (bottom panel) across the entire CTA procedure. Within each panel, the days comprising each
phase of the experiment are indicated by the horizontal overhead lines: Habituation=solid gray, Acquisition=solid black and Extinction=broken black. Tick-marks
along the x-axis denote the presentation of saccharin during the daily fluid-access period; all other days were water. F/F=Fischer rats raised by Fischer dams (in-
fostered), F/L=Fischer raised by Lewis (cross-fostered), L/L=Lewis raised by Lewis, L/F=Lewis raised by Fischer (n=11–12 per group).
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extinction trial (EXT 4 vs. EXT 5: t(11)=2.97, pb .05).
Saccharin consumption then increased on consecutive trials
from EXT 4 through EXT 8 (t(10)sb2.44, psb .05), and by the
7th extinction trial, mean consumption did not differ from pre-
conditioning baseline (t(11)=1.86, pN .08). Significant differ-
ences in mean consumption between the F/F and L/L groups
were confirmed at extinction trials 6, 7, and 8 (psb .05).

3.2.2. Cross-fostering effects
Like their in-fostered F/F counterparts, significant decreases

in consumption by the F/L animals ceased by CTA 3; however,
consumption did increase significantly from EXT 4–5 (t(10)=
2.30, pb .05), but despite this partial extinction, mean
consumption did not differ between the F/F and F/L groups at
any trial (psN .30). The most striking cross-fostering effects
were observed among the animals of the Lewis genotype.
Specifically, mean consumption in the cross-fostered Lewis
group (L/F) was identical to that of the in-fostered Fischer rats
(F/F), with maximum suppression at CTA 3 and no sequential
increases in consumption through EXT 8 (absolute t(10)
sb2.03, psN .06). Indeed, there were no differences between
the L/F and F/F groups at any trial (psN .40). Direct comparison
between the in-fostered Lewis animals (L/L) and their cross-
fostered L/F counterparts confirmed that the L/L animals
consumed significantly more saccharin on EXT 6, EXT 7 and
EXT 8 (psb .05). For reference, mean body weights and raw
fluid consumption values for all groups across the entire
experiment are presented in Fig. 2.

4. Discussion

The present study revealed significant strain differences and
cross-fostering effects on the extinction of cocaine-induced
conditioned taste aversions in male Fischer and Lewis rats. As
previously reported (Roma et al., 2007), the saccharin
avoidance response was acquired at comparable rates in these
subjects; however, the follow-up data described here revealed
marked differences in the extinction of cocaine's conditioned
aversive effects. A basic strain difference in mean consumption
was observed between the F/F and L/L animals, with full
extinction in the L/L group but no extinction in the F/F group. In
terms of cross-fostering, unlike their in-fostered F/F counter-
parts, the F/L rats significantly increased saccharin consumption
during extinction, although they never returned to pre-
conditioning levels. However, the most profound gene-
environment interaction effect was seen in the Lewis animals.
Specifically, the in-fostered L/L rats consumed significantly
more saccharin on average than all other groups during the last
three extinction trials, whereas their cross-fostered L/F counter-
parts exhibited no signs of extinction throughout the procedure,
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mimicking the strain difference produced by the similarly reared
F/F group.

Although other parametrically diverse assessments of cocaine-
induced CTA in male Fischer and Lewis rats have been made
(Grigson and Freet, 2000; Kosten et al., 1994), to the best of our
knowledge, this is the only published report directly comparing
the strains' extinction of CTA induced by any compound. As a
learning phenomenon, extinction is generally viewed as distinct
from acquisition, even in aversively motivated designs, because
of the inherent invocation of inhibitory processes that counter the
previously conditioned behavior (Myers and Davis, 2002;
Rescorla, 2001). In CTA, this is complicated by the fact that the
avoidance response conditioned during acquisition is itself an
inhibition of a consummatory drive. Although the theoretical
implications of these considerations remain to be explored, an
extensive body of empirical literature indicates a clear difference
between the two procedures, where group differences (or lack
thereof) during CTA acquisition do not necessarily correspond to
differences during extinction (e.g., Chambers, 1985; Chambers
and Hayes, 2002; Kunin et al., 2001). Regarding the present
study's focus on the extinction of cocaine-induced CTA, the lack
of similar assessments in these strains presents an obvious
challenge for data interpretation; however, a number of
motivational and physiological explanations may be informative,
especially when viewed in light of other avoidance preparations
tested in these strains as well as work done specifically on CTA
extinction outside the Fischer–Lewis model.

Before entertaining more complex interpretations of the data,
plausible simpler alternatives must first be considered. Principal
among them is the possibility of differential effects of the fluid
restriction inherent to the CTA procedures. Although other fluid
access designs are also effective (e.g., Grigson, 1997; Smith et al.,
2004), the relatively conservative method employed in our
laboratory could have exerted an undue influence on consumption,
in this case, a unique susceptibility of the L/L animals leading to
increased saccharin consumption despite equal resistance to
extinction. Such an account is parsimonious, but is not supported
by the mean raw consumption values and body weight data
presented in Fig. 2. While absolute body weights paralleled the
extinction data, with the L/L rats weighing significantly more than
all other groups (statistics not shown; cf. Gomez-Serrano et al.,
2002), all four groups still exhibited identical patterns of weight
loss and gain across conditioning cycles. Also, despite the
differences in saccharin consumption, animals of the Lewis
genotype actually consumed less than the Fischer rats during
intervening water-recovery days, suggesting, if anything, reduced
sensitivity to fluid restriction and less need to consume the cocaine-
associated saccharin. Moreover, even if the fluid deprivation data
could account for the strain difference between the F/F and L/L
groups, water consumption varied only by genotype, thereby
rendering these data incapable of explaining the cross-fostering
effects on saccharin consumption. Another possibility is that of a
generally stronger preference for saccharin in the L/L animals,
which could have led to increased consumption relative to the
other groups despite equal persistence of the conditioned aversion.
This hypothesis appears supported by the higher levels of
saccharin consumption on CTA 1; however, every CTA
experiment conducted in our laboratory with exclusively vehi-
cle-treated control groups of these strains has shown equivalent
absolute saccharin consumption either at baseline or from the
second trial onward, if not significantly greater increases in
consumption among the initially neophobic Fischer rats (Foynes
and Riley, 2004; Glowa et al., 1994; Lancellotti et al., 2001;
Pescatore et al., 2005; Roma et al., 2006). This suggests at least an
equal preference for the saccharin solution under the conditions
imposed duringCTA (and no differential sensitivity to injection), if
not a greater preference among the smaller Fischer animals if the
equivalent absolute consumption values are transformed to ml
consumed per kg of body weight. A final consideration is that of
strain differences in basic learning ability. Although we are not
aware of any explicit tests of passive avoidance extinction in these
strains, differential learning ability still seems an unlikely
mechanism since previous research comparing Fischer and
Lewis rats has shown comparable performances in acquisition of
operant responding for food (Haile and Kosten, 2001; Kearns
et al., 2006) as well as in LiCl-induced CTA (Foynes and Riley,
2004;Grigson andFreet, 2000).Most damning to a purely learning
account is the fact that all groups in the present study acquired the
aversion equally in terms of rate, suggesting that the strain
differences and cross-fostering effects that emerged during
extinction were not dependent upon the conditioning parameters
employed; however, the possibility of a “floor effect” in the peak
aversion at CTA 5 should be considered.

Even if one dismisses simple physiological alternative
hypotheses and accepts equivalent underlying learning ability
in these groups of Fischer and Lewis rats, there were still
obvious differences in behavior that call for interpretation.
Although consensus has not been reached on the exact nature of
the avoidance response seen in CTAs induced by drugs of abuse
(Broadbent et al., 2002; Ettenberg, 2004; Grigson, 1997; Parker,
1995; Riley and Tuck, 1985; Stolerman and D'Mello, 1981),
aversive subjective effects during initial exposures are often
reported in the human drug abuse literature (Baker and Cannon,
1982; Evans and Levin, 2004; Griffiths et al., 2003; Zacny and
Gutierrez, 2003), and this is the interpretation we favor, with the
CTA assay as an animal model inherently biased towards
conditioning to the aversive effects of compounds with bivalent
stimulus properties paired with novel flavors. Assuming that
there is indeed something aversive about SC cocaine in rats,
known strain differences in aversively motivated conditioning
and biobehavioral stress reactivity may produce a reasonable,
albeit speculative, account of the extinction data presented here.

Regardless of sex, Fischer rats tend to show stronger
responses than Lewis rats in conventional shuttle-box shock
escape experiments, as well as greater suppression of drinking
in a conditioned emotional response design (Katzev and Mills,
1974; Stöhr et al., 2000, 1998b). In addition, male Fischer rats
habituate less than male Lewis rats during tests of acoustic
startle reactivity (Varty and Geyer, 1998), while locomotor
responses to repeated exposures to a novel environment
actually increase (sensitize) in Fischer rats, but decrease
(habituate) in the Lewis strain (Stöhr et al., 1998a). Although
Fischers engage in less freezing behavior than Lewis during
tone-shock pairings in the acquisition phase of a conditioned
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fear preparation, they show markedly more freezing than
Lewis subjects when subsequently tested without tone or
shock in the conditioning chamber or when tested in a neutral
chamber with continuous exposure to the tone alone (Pryce
et al., 1999). Taken together, these data suggest greater
emotionality in response to conditioned aversive stimulation in
Fischer rats relative to Lewis counterparts. Although the
strength of the cocaine dose administered during CTA
acquisition may have produced equal avoidance in all groups,
in terms of extinction, the F/F group's resistance to accept the
saccharin as no longer predictive of cocaine's aversive effects
(Chambers, 1985) is consistent with the US-free tests of con-
ditioned fear described above.

A number of neurobiological systems are also known to be
involved in CTA extinction, for example, estradiol and
vasopressin generally accelerate whereas testosterone generally
retards extinction of LiCl-induced aversions (Brownson et al.,
1994; Hayes and Chambers, 2005; Yuan and Chambers, 1999).
Unfortunately, and unlike the mesolimbic dopamine system so
crucial for drug reward (see Kosten and Ambrosio, 2002), these
systems have not received much systematic attention in Fischer
and Lewis rats (Inaguma et al., 2003), and their relevance to
CTAs induced by drugs of abuse such as cocaine awaits
exploration. However, additional support for a motivational
hypothesis of differential sensitivity to aversive stimuli may
actually be drawn from the extensive body of work on
physiological stress reactivity in these strains. It is well-
documented that adult Fischer animals show greater stress-
induced hypothalamic-pituitary-adrenal (HPA) axis activation
than Lewis (see Kosten and Ambrosio, 2002; Grakalic et al.,
2006). This is particularly interesting given the positive
correlation between ACTH and corticosterone and resistance
to extinction of LiCl-induced CTA, with higher levels of these
stress hormones associated with more protracted avoidance
(Chambers, 1982; Levine et al., 1977; Smotherman, 1985). If
the extinction of cocaine-induced CTA operates under similar
mechanisms, then at least the lack of recovery in the F/F groups
versus the L/L animals may be explained.

Whatever the endogenous processes mediating the basic
strain differences in cocaine CTA extinction may be, we
consider the most compelling aspect of the data presented here
to be the cross-fostering effects. As with the acquisition of
morphine-and cocaine-induced CTAs in Fischer and Lewis rats,
genotype alone simply cannot account for the drug-conditioned
phenotypes observed in the present study. Even as mature
adults, rearing in the Lewis maternal environment produced
partial extinction in rats of the Fischer genotype, yet rearing in
the Fischer maternal environment completely prevented
extinction in rats of the Lewis genotype. This gene-environment
interaction effect was thus bidirectional (i.e., both strains were
affected by cross-fostering) but asymmetrical (i.e., the cross-
fostering effect was stronger in the Lewis strain). This pattern
differs from the body weight data, where only the Lewis
animals were affected by cross-fostering, although the direction
of the effect was the same as in the behavioral data. Also
intriguing is the fact that in our initial report of cocaine CTA
acquisition (Roma et al., 2007), cross-fostering only affected
Fischer females, whereas both sexes and strains were affected in
some way by cross-fostering during acquisition of morphine-
induced CTAs (Gomez-Serrano, 2005; see Riley et al., in press).
Although this presentation is the only known published report
of CTA extinction directly comparing these strains, the males
did not appear affected by cross-fostering during acquisition,
but only during extinction. Even without sex differences
superimposed, these data suggest a rather complex interaction
between drug, dose and assay, and regardless of the specific
patterns observed, further underscore the profound and
enduring nature of epigenetic influences on physiology and
behavior in Fischer and Lewis rats.

In conclusion, fostering rats of the Fischer and Lewis
genotypes into Fischer or Lewis maternal environments
revealed strain differences and produced significant gene-
environment interaction effects on the extinction of cocaine-
induced conditioned taste aversions in mature adult males.
Fischer animals raised by Fischer dams failed to extinguish
their avoidance response, whereas mean consumption in Lewis
animals raised by Lewis dams returned to baseline levels.
Cross-fostering produced partial extinction in the Fischer
animals and completely suppressed extinction in the Lewis.
The strain differences data are consistent with documented
differences in avoidance responding and conditioned fear and
indicate a crucial role of the pre-weaning environment in the
development of sensitivity to conditioned aversive stimula-
tion. Given the hypothesized balance between aversion and
reward in predicting a drug's abuse potential or an individual's
abuse liability (see Riley et al., in press), the more rapid
extinction of cocaine's conditioned aversive effects in the L/L
versus F/F rats may render the in-fostered Lewis animals more
susceptible to relapse or reinstatement of drug-seeking
behavior. Although not directly tested in the present study,
this idea is tentatively supported by recent self-administration
work in Fischer and Lewis rats (see Kruzich and Xi, 2006,
Figs. 2 and 4), while the cross-fostering effects in both strains
reveal considerable plasticity in this particular aspect of
genetically influenced vulnerability to addiction. It is not
known exactly what features of the Lewis maternal environ-
ment facilitate cocaine CTA extinction or drug abuse
vulnerability in general, or exactly what features of the Fischer
genotype confer resistance (see Roma et al., 2007 for a
discussion). However, the data presented here further demon-
strate the utility of systematically comparing Fischer and
Lewis rats' responses to early environmental manipulations for
assessing genetic and environmental contributions to adult
biobehavioral phenotypes (Gomez-Serrano et al., 2001, 2002;
Ellenbroek and Cools, 2000; Varty and Geyer, 1998) and
further support the viability of cross-fostering within the
Fischer–Lewis model for assessing gene-environment inter-
action effects in assays of the motivational properties of drugs.
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