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Abstract

Conditioned taste aversions (CTAs) are differentially induced by cocaine and morphine in the Lewis and Fisher 344 (LEW and F344,

respectively) rat strains. Although the acquisition of LiCl-induced aversions has recently been reported to be comparable between the two

strains, these aversions were induced by the oral consumption of LiCl, and the possibility exists that, given their different weights, that

differential doses were functionally administered. To address the issue of LiCl-induced aversions in LEW and F344 rats (and to control for

this possible confound), the present study assessed the ability of intraperitoneally (ip) administered LiCl to induce aversions in the two

strains. Specifically, rats from both strains were given 20-min access to saccharin and injected immediately, thereafter, with 0.3, 0.6, 0.9 or

1.2 mEq/kg, 0.15 M LiCl (or its distilled water vehicle). Under these conditions, both strains acquired dose-dependent aversions that

increased over repeated trials. Although there was no overall strain difference in LiCl-induced aversions, LEW rats displayed a stronger

aversion at the 0.3 mEq/kg dose (on Trial 3) and acquired the aversion at this dose more rapidly than the F344 rats did (by Trial 2 vs. Trial 3).

Although evident, this strain difference with LiCl does not parallel that reported with morphine (in which F344 rats are more sensitive than

LEW rats) or with cocaine (in which the differences between LEW and F344 rats are larger and occur at more doses and on more trials).

These cross-drug comparisons suggest that strain differences in aversion learning are drug dependent. Because drug acceptability has been

reported to be a function of the balance between the reinforcing and aversive effects of various compounds, the examination of possible strain

differences in aversion learning with a range of such compounds may provide insight into drug acceptability (and use) in these strains.

D 2004 Elsevier Inc. All rights reserved.
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1. Introduction

The Lewis (LEW) and Fischer 344 (F344) inbred rat

strains differ on a myriad behavioral and physiological

endpoints (DeCarolis et al., 2003; Gomez-Serrano et al.,

2001, 2002; Sternberg et al., 1989, 1992; Stohr et al., 1998b,

2000; for a review, see Kosten and Ambrosio, 2002). One

specific area in which they have been reported to differ is in

their response to a variety of recreational drugs. Of particular

interest in this regard is their affective reactivity to drugs of
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abuse, in which LEW rats exhibit greater sensitivity to the

rewarding properties of drugs compared with F344 rats

(Ambrosio et al., 1995; Brower et al., 2002; Horan et al.,

1997; Kosten et al., 1994, 1997; Martin et al., 1999; Suzuki

et al., 1988a,b, 1992; although see Stohr et al., 1998a).

These strain differences are not limited to the rewarding

effects of drugs. Specifically, the examination of their

aversive properties has also demonstrated strain differences.

For example, Glowa et al. (1994) found that although LEW

and F344 rats acquired similar cocaine-induced aversions at

a dose of 50 mg/kg, LEW rats acquired greater conditioned

taste aversions (CTAs) at 18 and 32 mg/kg (Grigson and

Freet, 2000; although see Kosten et al., 1994). Conversely,

Lancellotti et al. (2001) found that F344 rats acquired a
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morphine-induced CTA at 10, 32 and 56 mg/kg, whereas

LEW rats did not acquire CTAs at any of these doses.

Although LEW and F344 rats differ in morphine- and

cocaine-induced CTAs, it is unknown to what extent (if any)

these strain differences generalize to other drugs of abuse or

even to drugs, in general.

The only other drug for which aversions have been

compared between the two strains is the emetic LiCl

(Grigson and Freet, 2000). In that report, LEW and F344

rats were initially allowed 5-min access to a 0.15%

saccharin solution and then injected intraperitoneally (ip)

with either 0.15 M NaCl or 0.009 M LiCl. Because all LiCl-

injected subjects decreased saccharin consumption after the

first pairing, the procedure was modified such that LiCl was

administered orally rather than injected intraperitoneally.

Specifically, subjects that were previously injected with

LiCl were given a saline solution, and subjects that were

originally injected with NaCl were given a solution of LiCl.

Subjects were given 5-min access to these solutions on six

different trials, with LiCl-treated subjects receiving 0.009 M

LiCl during the first three trials and 0.15 M LiCl during the

last three trials. Although both LEW and F344 rats failed to

demonstrate an LiCl-induced CTA at the lower dose of

0.009 M, both strains demonstrated strong LiCl-induced

CTAs following the consumption of the 0.15 M LiCl

solution, with no evidence of any significant differences

between the two strains. From these data, Grigson and Freet

(2000) concluded that LEW and F344 rats acquired LiCl-

induced CTAs of equal magnitude and that there were no

significant strain differences.

Although suggestive of no strain differences, several

procedural issues may limit this conclusion. For example,

the subjects were given a fluid-access period of only 5 min

and all subjects consumed comparable amounts of the LiCl

solution during this period. At the start of the experiment,

however, the subjects differed significantly in body weight

(LEW rats weighed approximately 312–384 g and F344 rats

weighed approximately 241–271 g). Given their equivalent

consumption of LiCl, despite differences in body weights

that ranged anywhere from 41–143 g, subjects may have

been exposed to differential doses of LiCl (mg/kg). If, in

fact, subjects did receive differential doses of LiCl, yet no

significant strain differences were found, these data may

reflect differential acquisition of LiCl-induced CTAs.

To assess the generality of the reported differences in taste

aversion learning between the LEW and F344 rat strains and

to circumvent any potential problems associated with the

oral administration of LiCl, the present study examined the

ability of the two strains to acquire aversions to a novel

saccharin solution paired with intraperitoneally administered

LiCl. Specifically, different groups of rats from the LEWand

F344 rat strains were allowed 20-min access to saccharin,

followed by an intraperitoneal (ip) injection of either saline

or one of four doses of LiCl (0.3, 0.6, 0.9 and 1.2 mEq/kg,

0.15 M). Following four such conditioning trials, all subjects

were given a final test of their aversion to saccharin.
2. General method

2.1. Subjects

Subjects were 39 Lewis (LEW/SsNHsd) and 40 Fischer

(F344/NHsd) experimentally naive female rats (purchased

from Harlan Sprague Dawley, Indianapolis, IN). At the start

of the experiment, LEW rats weighed approximately 176–

220 g and F344 rats weighed approximately 147–196 g. The

subjects were maintained on a 12L:12D cycle (lights on at

0800 h) and at an ambient temperature of 23 8C for the

duration of the experiment. Each rat was given ad libitum

food and water prior to habituation. Procedures recommen-

ded by the Guide for the Care and Use of Laboratory

Animals (1996), the Guidelines for the Care and Use of

Mammals in Neuroscience and Behavioral Research (2003)

and the Institutional Animal Care and Use Committee at

American University were followed at all times.

2.2. Apparatus

Subjects were individually housed in stainless steel, wire-

mesh cages. Graduated Nalgene 50-ml centrifuge tubes

were attached to the front of the cages to provide 20-min

access to water or saccharin.

2.3. Procedure

2.3.1. Phase I: Habituation

Following 232/3-h water deprivation, all subjects were

given 20-min access to water. Subjects were divided into

three groups such that LEW and F344 rats were evenly

distributed among each group. The fluid-access period was

administered to each group separately. This procedure was

repeated daily until water consumption stabilized for both

strains. At this point, subjects within each strain did not vary

in the amount consumed by more than 1–2 ml over three

consecutive days. Furthermore, body weights were increas-

ing and at or above 90% of free feeding immediately prior to

the initiation of conditioning (see below).

2.3.2. Phase II: Conditioning

On Day 1 of this phase, all subjects in Group 1

(n=24) were given 20-min access to a novel saccharin

solution during the fluid-access period, while animals in

Groups 2 (n=24) and 3 (n=31) were given 20-min access

to water.

Immediately following saccharin access, the subjects in

Group 1 were ranked according to saccharin consumption

and then placed into one of five groups such that saccharin

consumption was comparable among the five groups.

Rankings were conducted separately for each strain. Five

min following the removal of saccharin, each subject was

given an ip injection of 0.3, 0.6, 0.9 or 1.2 mEq/kg, 0.15 M

LiCl or 0.9% saline solution (equivolume to the highest

dose of LiCl). After the injection, each animal was returned
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to its home cage, and no further manipulations followed. For

the next 3 days, subjects in Group 1 were given 20-min

access to water. One conditioning day and three water-

recovery days comprised one full conditioning cycle, and

this sequence was repeated until four full conditioning

cycles had been completed. All subjects were given 20-min

access to saccharin the day following the final water-

recovery day. No injections were administered following

this session. Subjects in Groups 2 and 3 followed the same

procedure as did the subjects in Group 1, but were first

conditioned on different days of the experiment (Days 2 and

3, respectively).

2.4. Data analysis

Strain differences in saccharin consumption were ana-

lyzed using a 2�5�5 repeated-measures analysis of

variance (ANOVA), with between-subjects variables of

Strain (LEW and F344) and Dose (0, 0.3, 0.6., 0.9 and

1.2 mEq/kg, 0.15 M LiCl) and within-subjects variable of
Fig. 1. Mean (FS.E.M.) saccharin consumption of LEW and F344 rats on each of

subjects received access to saccharin, followed by an injection of saline or 0.3, 0
Trial (Days 1–5). The repeated-measures ANOVA was

followed by separate 2�5 ANOVAs for each trial. Follow-

ing these ANOVAs, independent samples t-tests were used

to compare decreases in saccharin consumption between

each of the four groups receiving doses of LiCl and their

respective control groups across trials. Paired samples t-tests

were then used to assess decreases in saccharin consumption

on each trial compared with each group’s own baseline.

Alpha was set at .05. All statistical analyses were conducted

using the Statistical Package for the Social Sciences,

Version 10.0 (SPSS, 1999).
3. Results

The 2�5�5 repeated-measures ANOVA revealed sig-

nificant main effects of Trial [F(4,276)=379.12, pb.001]

and Dose [F(4,69)=132.972, pb.001] and significant

Trial�Strain [ F (4,276)=3.100, pb.05], Trial�Dose

[ F(16,276)=40.051, pb.001] and Trial�Strain�Dose
four conditioning trials and on the final aversion test. During conditioning,

.6, 0.9 and 1.2 mEq/kg, 0.15 M LiCl. *pb.05.
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[F(16,276)=2.112, pb.01] interactions. There was no

significant main effect of Strain [F(1,69)=3.902, p=.308]

and no significant Strain�Dose interaction [F(4,69)=1.975,

p=.108].

Given the significant Trial�Strain�Dose interaction,

individual ANOVAs were conducted for each trial to

determine where the significant differences occurred (see

Fig. 1). On the initial and second conditioning trials, there

was no main effect of Strain [Fs(1,69)b2.207, pb.633] and

no significant Strain�Dose interaction [Fs(4,69)b1.957,

psb.816]. On Trial 3, although there was no main effect of

Strain [F(1,69)=3.355, p=.071], there was a significant

Strain�Dose interaction [F(4,69)=5.945, pb.001] at 0.3

mEq/kg, with LEW rats consuming significantly less

saccharin than F344 rats did. On Trial 4, there was neither

a significant effect of Strain [F(1,69)=2.559, p=.1143] nor a

significant Strain�Dose interaction [F(4,69)=1.658, p=

.1697]. On the final test day, there was a significant main

effect of Strain [F(1,69)=4.093, p=.0469], with LEW rats

generally consuming less saccharin than F344 rats did, but

no significant Strain�Dose interaction [F(4,69)=1.565,

p=.1933].

In addition to the aforementioned between-group com-

parisons, within-group assessments were also conducted to

examine strain differences in the rate of CTA acquisition.

All subjects, except for the F344 rats injected with 0.3 mEq/

kg LiCl (Group F3), acquired LiCl-induced CTAs by the

second trial compared with baseline [all ts(7)N2.366,

psb.05] and controls (all tsN3.106, psb.008) and continued

to demonstrate a CTA for the remaining three trials. Group

F3, however, demonstrated a delayed acquisition of LiCl-

induced CTAs, acquiring the aversion by Trial 3 compared

with baseline [t(7)=2.758, p=.028] and controls (t=2.374,

p=.032). The suppression of saccharin consumption in this

group persisted for the remaining two trials.
4. Discussion

Differences between the LEWand F344 inbred rat strains

have been found in both cocaine- and morphine-induced

CTAs. In terms of cocaine-induced CTAs, LEW rats acquire

greater CTAs than do F344 rats at doses of 18 and 32 mg/kg

(Glowa et al., 1994). With respect to morphine, however,

this trend is reversed, with F344 rats demonstrating CTAs at

doses of 10, 32 and 56 mg/kg, whereas LEW rats do not

demonstrate CTAs at any of these doses (Lancellotti et al.,

2001). Although strain differences in aversion learning have

been explored with the aforementioned drugs of abuse,

assessments of the generality of these patterns of strain

differences have not been conducted. The only other study

that has examined differences between LEW and F344 rats

in their ability to acquire CTAs utilized the emetic LiCl

(Grigson and Freet, 2000). In this report, subjects were

allowed 5-min oral access to LiCl (for a total of six

exposures). Under these conditions, LEW and F344 rats
demonstrated equivalent LiCl-induced CTAs. However,

given that the two strains differed in body weight,

consumption of the same amount of LiCl may have resulted

in the ingestion of differential doses of LiCl, precluding the

conclusion that there were no significant strain differences

in LiCl-induced CTAs. The present study attempted to

control for this potential confound by intraperitoneally

injecting LEW and F344 rats with doses of 0.3, 0.6., 0.9

and 1.2 mEq/kg, 0.15 M LiCl following a 20-min saccharin-

access period.

As described, both LEW and F344 rats acquired LiCl-

induced CTAs. For both strains, the CTAs induced by LiCl

were dose dependent and increased over repeated trials.

Although there was no overall strain difference, the two

strains did differ on Trial 3, in which LEW rats injected with

0.3 mEq/kg LiCl drank significantly less saccharin than did

the F344 rats injected with this same dose. Furthermore, the

acquisition of the LiCl-induced aversion at 0.3 mEq/kg was

delayed for the F344 subjects (relative to that in the LEW

strain). Although a strain difference in LiCl-induced

aversions was evident, it should be noted that previously

reported differences in aversion learning between the two

strains have generally been of a greater magnitude (in terms

of the degree of difference in the overall amount consumed),

as well as in the number of doses and trials at which the

differences were reported (see Glowa et al., 1994; Lancel-

lotti et al., 2001).

Although weak, this strain difference is inconsistent with

the report by Grigson and Freet (2000), in which the strains

were compared under the condition of oral LiCl admin-

istration. As noted, in the Grigson and Freet (2000) report,

there were no significant differences between the two strains

when LiCl was administered orally. The basis for the

differences between the two studies is not known, although

the fact that the LEW strain was heavier than the F344 strain

in their assessment may have functionally resulted in the

LEW strain receiving a smaller dose of LiCl. Given that the

LEW strain showed a comparable aversion (after receiving a

smaller dose) is consistent with this strain being more

sensitive to the aversive effects of LiCl. Although possible,

it should be noted that the present study and that of Grigson

and Freet (2000) differed on a number of parameters, e.g.,

dose, route of administration, sex, number of trials and

spacing of trials, any or all of which may have affected the

display of the aversion (see Riley and Freeman, in press).

Until assessments of the interaction of such variables with

strain are systematically made, their contribution to strain

differences remains unknown.

Interestingly, reported differences between the LEW and

F344 strains in aversion learning with cocaine and morphine

parallel c-Fos activity in areas of the brain thought to

mediate such effects, e.g., the parabrachial nucleus, lateral

parabrachial nucleus, intermediate nucleus tractus solitarius,

caudal nucleus tractus solitarius and area postrema (Bermu-

dez-Rattoni et al., 1998). Specifically, Grabus et al. (2004)

demonstrated heightened c-Fos expression in brain regions
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associated with aversion learning following morphine

administration in F344 rats and following cocaine admin-

istration in LEW rats, supporting the previous findings of

strain differences in morphine- and cocaine-induced CTAs

(Lancellotti et al., 2001; Glowa et al., 1994). These data

suggest that the patterns of strain differences in aversion

learning may be a function of activity in the brain areas

thought to mediate the aversive effects of morphine and

cocaine, respectively. Given these findings, it would be

interesting to determine if there is a parallel between

aversion learning and brain activity following the admin-

istration of LiCl. That is, minimal (and dose dependent)

strain differences in brain activity following LiCl admin-

istration would be consistent with the current findings and

would support the role of activity in these specific areas in

mediating aversion learning.

According to this position, strain differences in aversion

learning are assumed to be mediated by the aversive effects

of the injected compounds. However, there are other

interpretations of taste aversion learning that do not nece-

ssitate this assumption. One such theoretical framework is

the reward comparison hypothesis, which posits that CTAs

to recreational compounds are mediated by reward rather

than aversion (Grigson, 1997). According to this hypothesis,

subjects decrease the consumption of a conditioned stimulus

(e.g., saccharin) because its perceived reward pales in

comparison with that of the unconditioned stimulus (e.g.,

cocaine). This phenomenon is referred to as anticipatory

contrast. Conversely, conditioned taste aversions induced by

emetics and toxins (e.g., LiCl) are a function of their aver-

sive effects and, therefore, are mediated in a manner different

than those induced by recreational compounds.

Given that LEW rats are more sensitive to the rewarding

properties of drugs than are F344 rats (for a review of strain

differences found in self-administration, see Brower et al.,

2002; Kosten et al., 1997; Martin et al., 1999; Suzuki et al.,

1988a, 1992; see Horan et al., 1997, and Kosten et al., 1994,

for a review of those found with CPPs), LEW rats would be

expected to acquire greater CTAs to drugs of abuse (in

accordance with the reward comparison hypothesis). On the

other hand, a compound such as LiCl that does not have any

reinforcing properties would not be expected to produce

strain differences, as the phenomenon of anticipatory contrast

would not occur to compounds without such effects. In

support of this hypothesis, LEW rats do acquire greater

cocaine-induced CTAs than the F344 rats did at 18 and 32

mg/kg. Although the findings with cocaine-induced CTAs

are consistent with the reward comparison hypothesis, data

from assessments of strain differences with morphine-

induced CTAs are not. In fact, F344 rats acquire greater

morphine-induced CTAs than do LEW rats at several doses,

despite that they are not as sensitive to the rewarding effects

of drugs as are LEW rats. The fact that some differences were

evident with LiCl in the present experiment also seems

inconsistent with the reward comparison hypothesis; that is,

compounds without any rewarding properties should have no
differential effects in the LEW and F344 strains (see above).

Thus, although some data are consistent with the reward

comparison hypothesis, the generality of this model remains

unknown.

In terms of the ability of LEW and F344 rats to acquire

CTAs to LiCl, morphine and cocaine, it is clear that no

common pattern of strain differences emerges. Inasmuch as

CTAs induced by each of these compounds produce a

unique pattern of strain differences, future research should

assess differences between LEW and F344 rats with respect

to CTAs induced by a variety of drugs of abuse. Interest-

ingly, it has been suggested that the rewarding and aversive

motivational properties of drugs of abuse interact in ways

that contribute to their overall acceptability (Chester and

Cunningham, 1999a,b, 2002; Cunningham et al., 2002;

Gauvin et al., 2000; Grakalic and Riley, 2002; Rademacher

et al., 2000). If the relative contribution of these two

properties plays a role in modulating a drug’s overall

acceptability, the assessment of these differences in the

LEW and F344 rat strains may provide insight into any

differential patterns of use by the two strains.
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