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Abstract

The Fischer (F344) and Lewis (LEW) rat strains differ on a variety of behavioral assays examining the effects of morphine, with many of the
differences observed during acquisition of behavioral responses. The results of these studies and others examining endogenous physiology and the
biochemical effects of morphine suggest that F344 rats are more sensitive to morphine than LEW rats. However, LEWanimals have shown greater
conditioned place preferences (CPP) to 4 mg/kg than F344 rats. CPP is a popular assay of drug reward in which acquisition of the preference can
be measured across multiple conditioning cycles, yet this aspect of CPP has not been assessed in F344 and LEW rats. As part of an ongoing effort
to fully characterize the conditioned rewarding effects of abused drugs in these strains, the present study assessed the effects of 0, 1, 4 and 10 mg/
kg subcutaneous (SC) morphine in adult male F344 and LEW rats (n=12/strain/dose). A fully biased place conditioning procedure was employed
where morphine's effects were paired with the initially non-preferred chamber on Day 1, saline was paired with the preferred chamber on Day 2
and drug-free access to the entire apparatus was allowed on Day 3. This conditioning and testing regimen was repeated for four consecutive
cycles. The F344 animals acquired CPP at 1 mg/kg only; this effect emerged after only two conditioning cycles. LEW rats never acquired a CPP at
any dose tested. Peak blood morphine levels following SC injections of 1, 4 or 10 mg/kg revealed no significant strain or dose effects. These
behavioral data are consistent with the hypothesis that F344 rats are more sensitive to the rewarding effects of morphine than LEW rats. Additional
implications for the Fischer–Lewis model of drug abuse and the utility of CPP acquisition procedures are discussed.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

The Fischer (F344) and Lewis (LEW) inbred rat strains differ
in their behavioral responses to a variety of drugs of abuse
(Kosten and Ambrosio, 2002; Riley et al., in press), and as such,
have been used to explore the underlying mechanisms mediating
differential sensitivities to various drug effects (Flores et al.,
1998; Grabus et al., 2004; Guitart et al., 1992, 1993; Herradón
et al., 2003a,b; Selley et al., 2003). Although much of the work
on drug sensitivity has focused on the rewarding effects of drugs
of abuse, F344 and LEW rats also reportedly differ in their
responses to the aversive effects of such drugs, as assessed by the
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conditioned taste aversion (CTA) procedure (Glowa et al., 1994;
Grigson and Freet, 2000; Kosten et al., 1994; Lancellotti et al.,
2001; Pescatore et al., 2005; Roma et al., 2006, 2007). Strain-
dependent differences in sensitivity to the discriminative sti-
mulus effects of morphine and nicotine, as assessed by drug
discrimination procedures, have also been reported (Morgan
et al., 1999; Philibin et al., 2005).

Of particular interest to those investigating vulnerability to
drug abuse are differences observed during drug self-adminis-
tration procedures. Interestingly, many of the differences
between F344 and LEWrats observed during self-administration
studies are seen during the acquisition phase. For example, LEW
animals acquire self-administration of cocaine, morphine and
other opioids, and ethanol faster than F344 rats, even though
comparable intake is often seen during maintenance or at the
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conclusion of self-administration studies with these drugs
(Ambrosio et al., 1995; Kosten et al., 1997; Martín et al.,
1999, 2003; Suzuki et al., 1988a,b). Although this pattern is not
always seen with cocaine (Haile and Kosten, 2001; Haile et al.,
2005; Kruzich and Xi, 2006), LEW rats are usually described as
being generally more sensitive to the reinforcing effects of drugs
of abuse than F344 rats (Camp et al., 1994; Flores et al., 1998;
Kearns et al., 2006; Martín et al., 1999).

It is evident that monitoring the acquisition of drug-induced
behaviors is a useful tool when investigating genetic factors in
behavioral responses to drugs of abuse. Another valuable and
increasingly popular behavioral preparation in which acquisi-
tion can be assessed is the conditioned place preference
procedure (CPP; Bardo and Bevins, 2000; Tzschentke, 1998;
Cunningham et al., 2003). When studying acquisition in the
CPP design, animals are tested for approach behavior to the
cues associated with the drug after each conditioning cycle,
thereby allowing investigators to determine how many drug-
environment pairings are required to elicit a significant
preference. It is believed that faster acquisition of CPP
represents greater sensitivity to the drug's rewarding effects,
as opposed to its reinforcing effects per se (Bardo and Bevins,
2000; Gaiardi et al., 1991; Shippenberg et al., 1996; also see
Meisch and Carroll, 1987).

Place conditioning to several drugs has been examined in F344
and LEW rats (see Kosten and Ambrosio, 2002; Roma et al.,
2006), but despite the important information to be gained from
studying acquisition, monitoring the acquisition of drug-induced
CPP over conditioning has yet to be done in these strains.
Therefore, as part of a larger effort to more fully characterize the
behavioral responses to the conditioned rewarding effects of
drugs of abuse in F344 and LEW rats, the present study
investigated the acquisition of CPPs induced by several doses of
morphine. Previously, Guitart and colleagues (1992) found that
both strains exhibited preferences induced by 4 mg/kg morphine,
but the LEW strain had a preference double that of the F344 rats.
Another recent report byGrakalic et al. (2006) assessed the effects
of stress on morphine-induced CPP at doses of 1, 4 and 10 mg/kg
in F344 and LEWanimals; although no direct strain comparisons
were reported, both strains acquired CPP at all training doses.
Most relevant to the present study was the fact that acquisition
was not assessed in either of the above experiments.

The current study examined the acquisition of morphine
CPPs at 1, 4 and 10 mg/kg using a fully biased procedure,
meaning that all animals experienced morphine's effects in the
initially non-preferred conditioning chamber. Although many
advocate use of an unbiased procedure where drug-paired
chamber assignments are counterbalanced across the equally-
preferred conditioning chambers (Carr et al., 1989; Cunning-
ham et al., 2003; van der Kooy, 1987), the biased design has
some potential advantages. Biased procedures may be more
sensitive to increases from pre-conditioning to post-condition-
ing due to the lower amount of time spent in the initially non-
preferred chamber (Schenk et al., 1985; Scoles and Siegel,
1986). Although empirical support is limited (Blander et al.,
1984), it has also been argued on theoretical grounds that biased
procedures may provide more room for the emergence of dose-
response functions, which are somewhat rare in unbiased
assessments, possibly due to “ceiling effects” (Cunningham
et al., 2003; Roma and Riley, 2005). Nonetheless, monitoring
acquisition of CPP allows for the detection of differences in
how rapidly asymptotic preference levels are achieved, a
variable absent in designs featuring a single preference test at
the conclusion of multiple conditioning cycles (Simpson and
Riley, 2005). If the LEW animals are indeed more sensitive to
morphine's rewarding effects than F344 rats, then the
assessment of place conditioning over multiple trials provides
an opportunity for such differences to emerge in the form(s) of
differential CPP acquisition at any of the three doses tested.

2. Method

2.1. Subjects

A total of 96 adult male rats served as subjects; 48 rats were of
the Fischer strain (F344/SsNHsd), and 48 were of the Lewis
strain (LEW/NH). The respective mean (±SD) weights for the
two strains at the beginning of the experiment were 251±54 g
and 286±56 g. All animals were housed in individual hanging
wire cages (24×19×18 cm) with ad libitum access to food and
water. 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 procedures were conducted between
0900 h and 1400 h. All procedures described in this report were
in compliance with National Research Council guidelines
(NRC, 1996, 2003) and were approved by the Institutional
Animal Care and Use Committee at American University.

2.2. Drugs and solutions

Morphine sulfate (generously supplied by the National
Institute on Drug Abuse) was prepared in a 5 mg/ml solution in
saline and administered via subcutaneous (SC) injection at
doses of 1, 4 or 10 mg/kg; non-drug saline injections within the
drug-treated groups were also administered SC and were
equivolume to morphine. Exclusively vehicle-treated control
animals (0 dose) were injected with either SC saline equivolume
to 4 mg/kg morphine (n=6) or 3 ml/kg intraperitoneal (IP)
saline (n=6).

2.3. Place conditioning apparatus

The CPP apparatus was constructed of wood and consisted
of two main conditioning chambers (30×30×39 cm each)
joined by a smaller middle chamber (10×30×39 cm). One of
the conditioning chambers had a smooth Plexiglas floor, the
other conditioning chamber had a textured plastic floor and the
smaller middle chamber had heavy steel mesh attached directly
to the floor. Vertically sliding wood panels separated the
chambers. Six identical apparatuses were utilized for running
multiple animals simultaneously. The procedure room was
illuminated only by an 85-watt red light mounted to the ceiling
in the center of the room; a white noise generator was also used
in the room throughout all procedures. The CPP tests were
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digitally recorded by a light-sensitive ceiling-mounted camera
(Sony DVR201) and coded by trained observers. An animal was
operationally defined as “in a chamber” once both forepaws
crossed the threshold into the same chamber.

2.4. Place conditioning regimen

2.4.1. Pre-test
Baseline chamber preferences of the animals were deter-

mined by placing each animal in the center compartment of the
CPP apparatus, then removing the barriers and allowing it free
access to the entire apparatus for 15 min (PRE). Consistent with
previous work from our laboratory with these strains (Roma
et al., 2006), a paired-samples t-test revealed that all animals as
a group spent less time in the smooth chamber than the textured
chamber (190 versus 412 s, t(95)=12.14, pb .001), indicating
a significant apparatus bias (Cunningham et al., 2003; Roma
and Riley, 2005); time spent in the non-preferred smooth
chamber did not differ between strains (independent samples t
(94)=1.92, pN .05). All animals (n=12 per combination of
strain and dose) were assigned to experience morphine's effects
in the initially non-preferred smooth chamber with intervening
saline injections paired with the initially preferred textured
chamber. The place conditioning strategy employed may thus
be considered “fully biased,” with biased drug-paired stimulus
assignment in a biased apparatus.

2.4.2. Acquisition
The CPPAcquisition phase (CPP) began 2 days after the Pre-

Test session. On Day 1 of the conditioning cycle, half of the
animals were administered their respective doses of morphine
and confined to the smooth chamber for 30 min. The remaining
animals received their respective saline injections and were
confined to the textured chamber for 30 min. On Day 2, animals
experienced injections and chamber confinement opposite those
of Day 1. On Day 3, each animal was given access to the entire
apparatus in a 15-min CPP test session. This 3-day sequence
constitutes one conditioning cycle, and the Acquisition phase
consisted of four such cycles culminating in a final CPP test on
Day 12 (CPP 4). Exclusively vehicle-treated animals received
vehicle injections on both days of each cycle, but were otherwise
tested identically to their morphine-treated counterparts.

2.5. Blood morphine assessment

In order to determine if any strain differences seen in the
acquisition of morphine-induced CPPs were attributable to
differences in morphine absorption, blood morphine levels were
determined in a separate experiment at 15- and 60-min post-
injection of 1, 4 or 10 mg/kg morphine. Blood morphine levels
after injections of a single dose have been assessed in these
animals with no differences being reported (Gosnell and Krahn,
1993; Guitart et al., 1992). The current study adds to the literature
by 1) assessing the effects of three doses of morphine under
identical parameters instead of a single dose, and 2) using a
within-groups design across multiple time points rather than
between-groups.
After a one month wash-out period following the conclusion
of the place conditioning procedures, blood morphine concen-
trations in response to SC morphine injections were assessed in
24 animals from each strain. Animals were assigned to the 1, 4
or 10 mg/kg dose groups (n=8 per strain) such that equal
numbers of animals of each experimental history (i.e., CPP
dose) were represented in each group. For the assessment itself,
each rat was briefly removed from its homecage for receipt of its
respective morphine injection and returned to the homecage
immediately after injection. At 15- and 60-min post-injection,
animals were moved to an unfamiliar room for blood sampling
and then immediately returned to their homecage.

Immediately prior to the 15-min sampling, each rat's tail was
soaked in warm water for 45–75 s and wiped dry with a paper
towel. The rat was then placed in an oversized restraint tube (Plas-
Labs, Lansing,MI) while approximately 1mmof the tip of the tail
was cut with surgical scissors. For the subsequent sampling, the
tail was re-soaked and dried, but no further incisions were made,
and the restraint tube was employed on an as-needed basis. For all
samplings, approximately 40–90 μl of whole blood were
collected via heparinized capillary tubes (Drummond Scientific,
Broomall, PA) and the contents immediately transferred to
microcentrifuge vials.

Each whole blood sample was centrifuged at 3000 rpm for
20 min; immediately afterwards, the plasma was transferred via
micropipette to new vials. The plasma samples were then stored
in a freezer at −80 °C until ready for analysis. Undiluted plasma
was later thawed and assayed for morphine using high-
performance liquid chromatography with electrochemical de-
tection (HPLC-EC), similar to procedures established in
Dominguez et al. (2001, 2006). Generally, the chromatography
system consisted of a Valco (Houston, TX) injector with a 2-μl
sample loop, and an Antec microelectrochemical detector,
equipped with a microflow cell (11-nl cell volume), with a
glassy carbon working electrode and an Ag/AgCl reference
electrode. The analytical column was an LC Packings Fusica
reversed-phase capillary column (300 μm inner diameter, 5 cm
long, packed with 3 μm C-18 particles). The working electrode
was maintained at an applied potential of 0.8 V relative to the
reference electrode. The mobile phase was prepared in HPLC-
grade water and included (in mM concentration): 32 citric acid,
54.3 sodium acetate, 0.074 EDTA, 0.215 octyl sulfonic acid
(Sigma, St. Louis), and 4% methanol (v/v; pH 3.45).

2.6. Data analysis

The place conditioning data were expressed as the time (s)
spent in the initially non-preferred, morphine-paired chamber
during each of the 15-min test sessions. Preliminary analyses
showed that the vehicle-treated control animals did not differ
as a function of route of saline administration (SC versus IP),
so their data were collapsed within each strain for formal
analyses. Plasma morphine concentrations were expressed in
picograms per microliter (pg/μl), and each animal's peak level
(regardless of time post-injection) was used for analysis.
Preliminary results confirmed that blood morphine levels did
not vary as a function of experimental history, so this factor



Table 1
Peak blood-morphine levels in F344 and LEW rats

Strain Dose

1 mg/kg 4 mg/kg 10 mg/kg

F344 343±107 313±50 415±114
LEW 379±112 489±130 311±56

Tail blood was sampled from adult male F344 and LEW rats 15 and 60 min after
morphine injection (n=8 per combination of strain and dose). The peak blood
morphine level from each animal was determined, the means±SEM of which
are presented in the table above. No effects of dose or strain were observed.

Fig. 1. Dose-response relationships throughout acquisition of morphine-induced
place conditioning in F344 and LEW rats. The y-axes present time spent in the
initially non-preferred, morphine paired chamber across the multiple 900-s test
sessions by animals conditioned with saline vehicle (white) or 1 (light gray), 4
(dark gray) or 10 (black) mg/kg SC morphine. The top panel represents the F344
animals (n=12 per dose) while the bottom panel represents LEW (n=12 per
dose). Within each strain, a significant difference between 1 mg/kg and vehicle
is indicated by ⁎ and a significant difference between 1 and 10 mg/kg is
indicated by #. A single icon denotes pb .05 and two icons denote pb .01 as
determined by Tukey-corrected comparisons at each trial.
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was excluded from further consideration. All data were
analyzed by Analyses of Variance (ANOVA) with warranted
post-hoc analyses accomplished via Tukey-corrected compar-
Fig. 2. Strain differences between F344 and LEW rats throughout acquisition of mor
non-preferred, morphine paired chamber across the multiple 900-s test sessions. Each
each dose (vehicle, 1, 4 or 10 mg/kg SC morphine, n=12 per strain and dose). Within
indicated by ⁎⁎⁎ (pb .001, independent-samples t-tests).
isons and independent-samples t-tests. These and all other
procedures are described in detail below. Statistical signifi-
cance was set at α=.05 for all analyses.

3. Results

3.1. Morphine-induced place conditioning

A 5×2×4 mixed ANOVAwith a repeated-measures factor of
Trial (PRE, CPP 1, CPP 2, CPP 3 and CPP 4) and between-
groups factors of Strain (F344 or LEW) and Dose (0, 1, 4 or
10 mg/kg) was performed with seconds spent in the morphine-
paired chamber as the dependent variable. This analysis yielded
a significant main effect of Trial (F(4352)=173.22, pb .001) and
a significant Trial×Strain×Dose interaction (F(12,352)=3.35,
pb .001); no other terms in the ANOVA achieved statistical
significance (Fsb2.52, psN .06). Given the significant interac-
tion of all three factors, further post-hoc analyses were con-
ducted to identify specific dose-response relationships within
each strain as well as strain differences at each dose.
phine-induced place conditioning. The y-axes present time spent in the initially
panel displays responses by the F344 (▴) and LEW (•) animals conditioned at
each dose, a significant difference between F344 and LEW rats at a given trial is
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3.1.1. Dose-response
Tukey-corrected comparisons at each trial within the F344

strain revealed a greater preference for the initially non-preferred
chamber in the 1 mg/kg morphine group compared to their
vehicle-treated counterparts at CPP 2,CPP 3 andCPP 4 (psb .05).
In addition, the mean asymptotic preference level of the 1 mg/kg
F344 strain at CPP 4 was significantly greater than the 10 mg/kg
group (657 versus 495 s, pb .05); however, no other groups
differed from each other at any trial (psN .06). Among the LEW
animals, there were no significant between-groups differences at
any trial (psN .10). These data suggest an inverse dose-response
function in the morphine-treated F344 animals, a conclusion
confirmed by the significant negative linear correlation between
dose and shift in time spent in the morphine-paired chamber
from PRE to CPP 4 (Pearson r(36)=− .448, pb .01); no sig-
nificant effects were observed in the morphine-treated LEW
rats (r(36)= .248, pN .10). The dose-response relationships
within each strain are presented in Fig. 1.

3.1.2. Strain differences
Independent-samples t-tests at each dose revealed a

significantly stronger place preference at 1 mg/kg in the F344
animals versus LEW at CPP 2, CPP 3 and CPP 4 (t(22)sN3.84,
psb .001). The strains did not differ from each other at any other
trial or dose (t(22)sb1.58, psN .10; see Fig. 2).

3.2. Blood morphine assessment

A 2×3 univariate ANOVA with between-groups factors of
Strain andDose (1, 4 or 10mg/kg) was performed on peak plasma
morphine levels. This analysis revealed no significant main or
interaction effects (Fsb0.98, psN .30). As seen in Table 1, blood
morphine levels averaged 375 pg/μl with considerable variability,
but no systematic effects of strain and a general insensitivity to the
1, 4 and 10 mg/kg doses tested.

4. Discussion

The F344 and LEW rat strains have been reported to differ in
morphine-induced place preference, with LEW animals showing
a more robust CPP to 4 mg/kg morphine (Guitart et al., 1992).
However, in the current study, strain differences emerged only at
the 1 mg/kg dose, with the F344 animals exhibiting a sustained
preference for the morphine-paired chamber after only two con-
ditioning cycles. Surprisingly, the LEW animals never displayed
significant preferences at any of the doses tested, findings in
opposition to the previous investigations of morphine-induced
CPP in these strains. Interestingly, place preferences to 4 and
10 mg/kg also never developed in the F344 animals.

Exactly why morphine CPP appeared different when com-
pared to previous reports is not readily apparent. However, me-
thodological differences between the past and present
experiments may underlie some of these differences. For
example, both previous reports employed essentially unbiased
designs where all animals as a group showed no significant
preference for a particular conditioning chamber, whereas we
employed a biased design where morphine was paired with the
initially (and strongly) non-preferred chamber. It has been argued
that unbiased designs provide a “purer” assay of reward than do
biased designs, possibly due to the lack of anxiety presumably
elicited by the non-preferred chamber (Carr et al., 1989; van der
Kooy, 1987). With this idea comes the assumption that increases
in time spent in the drug-paired chamber within a biased design
are a function of the anxiolytic effects of the drug rather than it's
positively reinforcing effects. Relevant to this issue is the fact that
F344 rats are generallymore reactive to physical and psychosocial
stressors than are LEWrats (Dhabhar et al., 1993; Rex et al., 1996;
Sternberg et al., 1992; Stöhr et al., 2000); however, the strains did
not differ in amount of time spent in the non-preferred chamber
during the pre-test, and the vehicle-treated control animals of both
strains showed identical habituation responses over the multiple
CPP test trials. It is still possible that both strains were equally
anxious (cf. Chaouloff et al., 1995), with the F344 animals still
being more sensitive to morphine's anxiolytic effects, but this
argument is countered by the inverse dose-response function: that
is, greater anxiety reduction provided by higher doses of
morphine did not produce greater CPP. An additional criticism
of the biased design is that this preparation favors significant
increases in time spent in the drug-paired chamber, possibly due
to habituation, but not absolute preferences for that chamber.
However, the highest preference levels found in the current study
approached 70% of total test session time and nearly 85% of the
time spent in just the main conditioning chambers—clearly an
absolute preference for the drug-paired chamber over the vehicle-
paired chamber, and not simply a statistically significant increase.
Moreover, the 1 mg/kg F344 animals spent significantly more
time in the initially non-preferred, drug-paired chamber compared
to their exclusively vehicle-treated counterparts, an effect
inconsistent with a purely habituation account of changes in
preference. Despite the reasonable concerns inherent to the biased
procedure, the most parsimonious explanation of CPP in the F344
animals at 1 mg/kg still seems to be one of differential sensitivity
to morphine's rewarding effects.

A final consideration that may resolve the discrepancy
between our data and the existing morphine CPP assessments
in F344 and LEW rats is the actual use of the acquisition
procedure. Specifically, exposure to the drug-paired chamber in
the absence of drug during the CPP tests may be considered a
quasi-extinction trial. As described above, LEW animals
appear less sensitive to morphine's effects in several biobeha-
vioral assays. As such, the absence of CPP could have been the
product of diminished unconditioned stimulus salience due to
this lack of sensitivity coupled with the repeated drug-free
exposures to the morphine-paired chamber during the testing
component across CPP acquisition trials. These putative
extinction days may have limited the LEW animals from
strongly associating the positive effects of morphine with the
drug-paired chamber, allowing no increases in time beyond the
simple habituation pattern exhibited by the vehicle-treated
control animals. This suggests that in order to produce
morphine CPPs like those shown in previous reports, the
LEW animals might need uninterrupted conditioning cycles, if
not daily morphine exposure as was the case with Guitart et al.
(1992; see also Grakalic et al., 2006). The empirical effects of
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CPP acquisition procedures have not been systematically
studied, but the reasoning outlined above suggests that
regardless of biased methodology, CPP acquisition in general
may actually be a more conservative estimate of drug reward,
with motivation to seek drug-paired stimuli evident only in the
animals most sensitive to the drug's rewarding effects. Once
again, we are led to conclude that, insofar as CPP to fixed doses
of drug models abuse liability, the F344 animals appear more
susceptible than LEW. Although the effects reported in the
present study were clear, a fully unbiased assessment of
morphine CPP acquisition would provide an additional
procedural link to the existing literature, and either strengthen
the conclusions drawn here or reveal an interaction between
genotype and unconditioned motivational states in morphine-
induced place conditioning in these strains. Regardless of
outcome, these data would be valuable to those interested in
place conditioning and the effects of genotype in animal models
of drug abuse, and such an assessment is currently being
undertaken by our laboratory.

The assessment of blood morphine levels in the present study
showed no strain differences and revealed no significant dose-
response function. These findings agree with earlier reports of
blood morphine levels in F344 and LEW rats at doses com-
parable to those presented here (4 mg/kg, Guitart et al., 1992;
3 mg/kg, Gosnell and Krahn, 1993). The absence of differences
in these measures suggests that the mechanism(s) mediating the
differences in CPP between the strains may lie in the brain.
Several investigations have suggested that the F344 strain is
more sensitive than the LEW strain to morphine administration.
For example, compared to LEW rats, F344 animals acquire
discrimination of morphine at a lower dose and show greater
antinociception with this and other opioid drugs (Morgan et al.,
1999; Terner et al., 2003a,b; although see Herradón et al.,
2003b). Moreover, μ opioid receptors in the F344 rat are more
responsive than those of LEW rats to stimulation by μ-receptor
agonists (Herradón et al., 2003a; Selley et al., 2003), and F344
animals show greater behavioral responses to the administration
of low-and intermediate-efficacy μ agonists (Morgan et al.,
1999). In addition, F344 rats have higher μ opioid receptor
binding than LEWanimals in the central amygdala (Oliva et al.,
1999), an area specifically implicated in appetitive conditioning
(Knapska et al., 2006). The greater sensitivity of the F344 strain
to lower doses of morphine and low-efficacy μ agonists predicts
that these animals would show greater responding to low-dose
morphine compared to the LEW strain, so our findings of CPP in
F344, but not LEW, rats at 1mg/kg are not surprising, if not more
concordant with the molecular literature than the other two
published reports of morphine CPP in these strains.

The suggestion that F344 rats are more sensitive to morphine
reward than LEW rats may be consistent with the molecular
pharmacological data, but may seem counter-intuitive in relation
to the existingmorphine self-administration literature: How could
the strain that more rapidly acquires morphine self-administration
behavior be less sensitive to that drug's rewarding effects? One
advantage of classical conditioning preparations like CPP is that
the amount of drug exposure can remain constant while the
animals' responses to the fixed dose(s) are free to vary. This
differs from self-administration where the individual infusion
dose is fixed, but the actual amount of infusions ultimately
consumed in any given session (i.e., dose administered) varies by
individual. Given this, the fact that LEW rats initially self-
administer more morphine is still consistent with the hypothesis
that they are insensitive to morphine, in that they may require
more drug to achieve the same level of reward that F344 rats
experience at lower levels of intake. Although the semantics of
“reinforcement” versus “reward” in interpreting self-administra-
tion studies are beyond the scope of this report, the fact that LEW
rats did not develop preferences at any of the three doses tested in
the present study remains in agreement with the observed patterns
of operant self-administration and molecular work with these
strains.Moreover, another possible view of the strain difference in
self-administration acquisition is one of impulsivity. LEWrats are
generally more exploratory than F344, and recent efforts from our
laboratory (Kearns et al., 2006) revealed more rapid acquisition
and higher levels of autoshaping behavior in LEW rats versus
F344, while others have shown LEW rats to be more susceptible
than F344 to delay discounting for food rewards (Anderson and
Woolverton, 2005). Endogenous insensitivity to opiates com-
bined with greater impulsivity provides a possible explanation for
LEW rats' more rapid acquisition of morphine self-administra-
tion. Unlike self-administration, the use of fixed doses for CPP
precludes any putative “self-correction” responses by the LEW
rats, leaving only the lack of CPP consistent with a neurobiolog-
ical insensitivity hypothesis, once again leading to the conclusion
that F344 rats may be more sensitive than LEW rats to the
rewarding effects of morphine.

If F344 rats are generally more sensitive to morphine than
LEW rats, then the lack of CPP in the LEW animals may be
explained, but the inverse dose-response function in the F344
animals is somewhat puzzling. However, this relative sensi-
tivity to morphine's rewarding effects may also reveal
sensitivity to its aversive effects. If so, then it follows that the
aversive effects of the drug would hinder appetitive responding
at increasing doses in the F344 animals. Indeed, reports show
that F344 rats display conditioned taste aversions to morphine
at doses as low as 5 mg/kg, whereas LEW rats do not acquire
aversions at any dose reported (Davis and Riley, submitted for
publication; Lancellotti et al., 2001). Differential sensitivity to
morphine's aversive properties could have contributed to the
lack of strong preferences in the F344 rats at 4 and 10 mg/kg
versus their vehicle-treated controls, and we also speculate that
these aversive effects may have contributed to the previously
reported differences between F344 and LEW rats in morphine
CPP at 4 mg/kg (Guitart et al., 1992). This view of dose-
dependent shifts in the balance between competing motiva-
tional states is supported by the fact that, in addition to the μ
receptor differences described above, F344 rats also have
higher basal dynorphin peptide levels in various brain regions
relevant to behavioral responses to morphine (Nylander et al.,
1995). Discovery of strain differences specifically in terms of
density and sensitivity of κ opioid receptors or behavioral
responses to κ-specific compounds would be valuable in this
regard, but such assessments remain to be made (although see
Barrett et al., 2002).
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In summary, responses to 1, 4 and 10 mg/kg morphine were
assessed in male F344 and LEW rats. Using a biased design, only
the F344 animals exhibited a significant conditioned place pre-
ference, and did so after only two drug-environment pairings.
Despite the behavioral differences, there were no significant dose
or strain effects on peak blood morphine concentrations. Al-
though a number of important issues await resolution, these
results indicate increased sensitivity to morphine reward in F344
over LEW animals and add to the literature dedicated to the
comparison between F344 and LEW rats for modeling genetic
factors in the etiology of drug abuse. The present results, along
with a growing body of research, suggest that the “addiction-
resistant” Fischer versus “addiction-prone” Lewis dichotomy
sometimes ascribed to this model may benefit from further
refinement.

Acknowledgement

This research was supported by a grant from the Mellon
Foundation to A.L.R.

References

Ambrosio E, Goldberg SR, Elmer GI. Behavior genetic investigation of the
relationship between spontaneous locomotor activity and the acquisition of
morphine self-administration behavior. Behav Pharmacol 1995;6:229–37.

Anderson KG, Woolverton WL. Effects of clomipramine on self-control choice
in Lewis and Fischer 344 rats. Pharmacol Biochem Behav 2005;80:387–93.

Bardo MT, Bevins RA. Conditioned place preference: what does it add to our
preclinical understanding of drug reward? Psychopharmacology (Berl)
2000;153: 31–43.

Barrett AC, Cook CD, Terner JM, Roach EL, Syvanthong C, Picker MJ. Sex and
rat strain determine sensitivity to κ opioid-induced antinociception. Psycho-
pharmacology (Berl) 2002;160:170–81.

Blander A, Hunt T, Blair R, Amit Z. Conditioned place preference: an evaluation of
morphine's positive reinforcing effects. Psychopharmacology (Berl) 1984;84:
124–7.

Camp DM, Browman KE, Robinson TE. The effects of methamphetamine and
cocaine on motor behavior and extracellular dopamine in the ventral striatum
of Lewis versus Fischer 344 rats. Brain Res 1994;668:180–93.

Carr GD, Fibiger HC, Phillips AG. Conditioned place preference as a measure of
drug reward. In: Liebman JM, Cooper SJ, editors. The neuropharmacolog-
ical basis of reward. New York: Oxford University Press; 1989. p. 264–319.

Chaouloff F, Kulikov A, Sarrieau A, Castanon N, Mormède P. Male Fischer 344
and Lewis rats display differences in locomotor reactivity, but not in anxiety-
related behaviours: relationship with the hippocampal serotonergic system.
Brain Res 1995;693:169–78.

CunninghamCL, FereeNK, HowardMA.Apparatus bias and place conditioning
with ethanol in mice. Psychopharmacology (Berl) 2003;170:409–22.

Davis CM, Riley A.L. The effects of preexposure on conditioned taste aversion
learning in Fischer (F344) and Lewis (LEW) rat strains. Submitted for
publication.

Dhabhar FS, McEwen BS, Spencer RL. Stress response, adrenal steroid receptor
levels and corticosteroid-binding globulin levels—a comparison between
Sprague-Dawley, Fischer 344, and Lewis rats. Brain Res 1993;616:89–98.

Dominguez J, Riolo JV, Xu Z, Hull EM. Regulation by the medial amygdale of
copulation and medial preoptic dopamine release. J Neurosci 2001;21:
349–55.

Dominguez JM, Gil M, Hull EM. Preoptic glutamate facilitates male sexual
behavior. J Neurosci 2006;26:1699–703.

Flores G, Wood GK, Barbeau D, Quirion R, Srivastava LK. Lewis and Fischer
rats: a comparison of dopamine transporters and receptor levels. Brain Res
1998;814:34–40.
Gaiardi M, Bartoletti M, Bacchi A, Gubellini C, Costa M, Babbini M. Role of
repeated exposure tomorphine in determining its affective properties: place and
taste conditioning studies in rats. Psychopharmacology (Berl) 1991;103:
183–6.

Glowa JR, Shaw AE, Riley AL. Cocaine-induced aversions: comparisons
between effects in LEW/N and F344/N rat strains. Psychopharmacology
1994;114:229–32.

Gosnell BA,KrahnDD.Morphine-induced feeding: a comparison of theLewis and
Fischer 344 inbred rat strains. Pharmacol Biochem Behav 1993;44:919–24.

Grabus SD, Glowa JR, Riley AL. Morphine- and cocaine-induced c-Fos levels
in Lewis and Fischer rat strains. Brain Res 2004;998:20–8.

Grakalic I, Schindler CW, Baumann MH, Rice KC, Riley AL. Effects of stress
modulation on morphine-induced conditioned place preferences and plasma
corticosterone levels in Fischer, Lewis and Sprague-Dawley rat strains.
Psychopharmacology (Berl) 2006;189:277–86.

Grigson PS, Freet CS. The suppressive effects of sucrose and cocaine, but not
lithium chloride, are greater in Lewis than in Fischer rats: evidence for the
reward comparison hypothesis. Behav Neurosci 2000;114:353–63.

Guitart X, Beitner-Johnson D, Marby DW, Kosten TA, Nestler EJ. Fischer and
Lewis rat strains differ in basal levels of neurofilament proteins and their
regulation by chronic morphine in the mesolimbic dopamine system. Synapse
1992;12:242–53.

Guitart X, Kogan JH, Berhow M, Terwilliger RZ, Aghajanian GK, Nestler EJ.
Lewis and Fischer rat strains display differences in biochemical, electro-
physiological, and behavioral parameters: studies in the nucleus accumbens
and locus coeruleus of drug naïve and morphine-treated animals. Brain Res
1993;611:7–17.

Haile CN, Kosten TA. Differential effects of D1- and D2-like compounds on
cocaine self-administration in Lewis and Fischer 344 inbred rats. J Pharmacol
Exp Ther 2001;299:509–18.

Haile CN, Zhang XY, Carroll FI, Kosten TA. Cocaine self-administration and
locomotor activity are altered in Lewis and F344 inbred rats by RTI 336, a 3-
phenyltropane analog that binds to the dopamine transporter. Brain Res
2005;1055: 186–95.

Herradón G, Morales L, Alguacil LF. Differences in mu-opioid receptors
between Lewis and Fischer rats. Life Sci 2003a;73:1537–42.

Herradón G, Morales L, Pérez-García C, Alguacil LF. The contribution of α2-
adrenoceptor and opioid receptor mechanisms to antinociception differs in
Lewis and Fischer 344 rats. Eur J Pharmacol 2003b;465:251–6.

Kearns DN, Gomez-Serrano MA, Weiss SJ, Riley AL. A comparison of Lewis
and Fischer rat strains on autoshaping (sign-tracking), discrimination reversal
learning and negative auto-maintenance. Behav Brain Res 2006;169:
193–200.

Knapska E, Walasek G, Nikolaev E, Neuhäusser-Wespy F, Lipp H-P,
Kaczmarek L, et al. Differential involvement of the central amygdala in
appetitive versus aversive learning. Learn Mem 2006;13:192–200.

Kosten TA, Ambrosio E. HPA axis function and drug addictive behaviors:
insights from studies with Lewis and Fischer 344 inbred rats. Psychoneur-
oendocrinology 2002;27:35–69.

Kosten TA, Miserendino MJD, Chi S, Nestler EJ. Fischer and Lewis rat strains
show differential cocaine effects in conditioned place preference and
behavioral sensitization but not in locomotor activity or conditioned taste
aversion. J Pharmacol Exp Ther 1994;269:137–44.

Kosten TA, Miserendino MJD, Haile CN, DeCaprio JL, Jatlow PI, Nestler EJ.
Acquisition and maintenance of intravenous cocaine self-administration in
Lewis and Fischer inbred rat strains. Brain Res 1997;778:418–29.

Kruzich PJ, Xi J. Different patterns of pharmacological reinstatement of cocaine-
seeking behavior between Fischer 344 and Lewis rats. Psychopharmacology
(Berl) 2006;187:22–9.

Lancellotti D, Bayer BM, Glowa JR, Houghtling RA, Riley AL. Morphine-
induced conditioned taste aversions in the LEW/N and F344/N rat strains.
Pharmacol Biochem Behav 2001;68:603–10.

Martín S, Manzanares J, Corchero J, Garcia-Lecumberri C, Crespo JA, Fuentes
JA, et al. Differential basal proenkephalin gene expression in dorsal
striatum and nucleus accumbens, and vulnerability to morphine self-
administration in Fischer 344 and Lewis rats. Brain Res 1999;821:350–5.

Martín S, Lyupina Y, Crespo JA, González B, García-Lecumberri C, Ambrosio
E. Genetic differences in NMDA and D1 receptor levels, and operant



523C.M. Davis et al. / Pharmacology, Biochemistry and Behavior 86 (2007) 516–523
responding for food and morphine in Lewis and Fischer 344 rats. Brain Res
2003;973:205–13.

Meisch RA, Carroll MA. Oral drug self-administration: drugs as reinforcers. In:
Bozarth MA, editor. Methods of assessing the reinforcing properties of
abused drugs. New York: Springer-Verlag; 1987. p. 143–60.

Morgan D, Cook CD, Picker MJ. Sensitivity to the discriminative stimulus and
antinociceptive effects of mu opioids: role of strain of rat, stimulus intensity,
and intrinsic efficacy at the mu opioid receptor. J Pharmacol Exp Ther
1999;289:965–75.

National Research Council. Guide for the care and use of laboratory animals.
Washington, DC: National Academy Press; 1996.

National Research Council. Guidelines for the care and use of mammals in
neuroscience and behavioral research. Washington, DC: National Academy
Press; 2003.

Nylander I, Vlaskovska M, Terenius L. Brain dynorphin and enkephalin systems
in Fischer and Lewis rats: effects of morphine tolerance and withdrawal.
Brain Res 1995;683:25–35.

Oliva JM, Sharpe LG, Baumann MH, Elmer GI, Marin S, Ambrosio E.
Differences in basal μ-opioid receptor binding between Lewis and Fischer
344 inbred rat strains. Dolor 1999;14:20.

Pescatore KA, Glowa JR, Riley AL. Strain differences in the acquisition of
nicotine-induced conditioned taste aversion. Pharmacol Biochem Behav
2005;82:751–7.

Philibin SD,VannRE,Varvel SA,Covington III HE, Rosecrans JA, James JR, et al.
Differential behavioral responses to nicotine in Lewis and Fischer-344 rats.
Pharmacol Biochem Behav 2005;80:87–92.

Rex A, Sondern U, Voigt JP, Franck S, Fink H. Strain differences in fear-
motivated behavior of rats. Pharmacol Biochem Behav 1996;87:308–12.

Riley AL, Davis CM, Roma PG (in press) Strain differences in taste aversion
learning: implications for animal models of drug abuse. In Reilly S,
Schachtman TR (Eds.), Conditioned taste aversion: Behavioral and neural
processes. New York: Oxford University Press, New York.

Roma PG, Riley AL. Apparatus bias and the use of light and texture in place
conditioning. Pharmacol Biochem Behav 2005;82:163–9.

Roma PG, Flint WW, Higley JD, Riley AL. Assessment of the aversive and
rewarding effects of alcohol in Fischer and Lewis rats. Psychopharmacology
(Berl) 2006;189:187–99.

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.
Schenk S, Ellison F, Hunt T, Amit Z. An examination of heroin conditioning in
preferred and nonpreferred environments and in differently housed mature
and immature rats. Pharmacol Biochem Behav 1985;22:215–20.

Scoles MT, Siegel S. A potential role of saline trials in morphine-induced place-
preference conditioning. Pharmacol Biochem Behav 1986;25:1169–73.

Selley DE, Herbert JT, Morgan D, Cook CD, Picker MJ, Sim-Selley LJ. Effect
of strain and sex on mu opioid receptor-mediated G-protein activation in rat
brain. Brain Res Bull 2003;60:201–8.

Shippenberg TS, Heidbreder C, Lefevour A. Sensitization to the rewarding effects
of morphine: pharmacology and temporal characteristics. Eur J Pharmacol
1996;299:33–9.

Simpson GR, Riley AL. Morphine preexposure facilitates morphine place
preference and attenuates morphine taste aversion. Pharmacol Biochem
Behav 2005;80:471–9.

Sternberg EM,Glowa JR, SmithMA, CalogeroAE, Listwak SJ, Aksentijevich S,
et al. Corticotropin releasing hormone related behavioral and neuroendocrine
responses to stress in Lewis and Fischer rats. Brain Res 1992;570:54–60.

Stöhr T, Szuran T, Welzl H, Pliska V, Feldon J, Pryce CR. Lewis/Fischer rat
strain differences in endocrine and behavioural responses to environmental
challenge. Pharmacol Biochem Behav 2000;67:809–19.

Suzuki T, George FR, Meisch RA. Differential establishment of and
maintenance of oral ethanol reinforced behavior in Lewis and Fischer 344
inbred rat strains. J Pharmacol Exp Ther 1988a;245:164–70.

Suzuki T, Otani K, Koike Y, Misawa M. Genetic differences in preferences for
morphine and codeine in Lewis and Fischer 344 inbred rat strains. Jpn
J Pharmacol 1988b;47:425–31.

Terner JM, Barrett AC, Cook CD, Picker MJ. Sex differences in (−)-pentazocine
antinociception: comparison to morphine and spiradoline in four rat strains
using a thermal nociceptive assay. Behav Pharmacol 2003a;14:77–85.

Terner JM,LomasLM, SmithES,Barrett AC, PickerMJ. Pharmacogenetic analysis
of sex differences in opioid antinociception in rats. Pain 2003b;106:381–91.

Tzschentke TM. Measuring reward with the conditioned place preference
paradigm: a comprehensive review of drug effects, recent progress and new
issues. Prog Neurobiol 1998;56:613–72.

van der Kooy D. Place conditioning: a simple and effective method for assessing
the motivational properties of drugs. In: Bozarth MA, editor. Methods of
assessing the reinforcing properties of abused drugs. New York: Springer-
Verlag; 1987. p. 229–40.


	Morphine-induced place conditioning in Fischer and Lewis rats: Acquisition and dose-response in.....
	Introduction
	Method
	Subjects
	Drugs and solutions
	Place conditioning apparatus
	Place conditioning regimen
	Pre-test
	Acquisition

	Blood morphine assessment
	Data analysis

	Results
	Morphine-induced place conditioning
	Dose-response
	Strain differences

	Blood morphine assessment

	Discussion
	Acknowledgement
	References


