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Abstract

The inbred Fischer (F344) and Lewis (LEW) rats, while originally developed as animal models for
cancer and tissue transplantation research, have since been used to study genetic differences in a
variety of physiological and behavioral endpoints. In this context, LEW rats show greater
sensitivity to the aversive effects of cocaine as compared to F344 rats in a conditioned taste
avoidance procedure. Like cocaine, 3,4-methylenedioxypyrovalerone (MDPV; “Bath Salts™) acts
as a dopamine transport blocker and possesses aversive properties, making it a good candidate for
assessing whether the aforementioned strain differences with cocaine would generalize to drugs
with similar biochemical action. Accordingly, male F344 and LEW rats were exposed to a novel
saccharin solution followed by injections of one of four doses of MDPV in a taste avoidance
procedure. Over the four saccharin/MDPV pairings during conditioning, core body temperatures
were also assessed. Similar to previous research, MDPV induced robust dose-dependent taste
avoidance, although no effect of strain was observed. MDPV also produced hyperthermia that was
independent of strain and unrelated to the conditioned taste avoidance. These findings argue for a
complex influence of multiple (and likely interacting) monoaminergic systems mediating MDPV-
induced taste avoidance in the two strains and suggest different mechanisms of avoidance learning
for cocaine and MDPV.
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1. Introduction

The inbred Fischer (F344) and Lewis (LEW) rat strains, while originally developed as
animal models for cancer and tissue transplantation research (Billingham et al., 1962; see
also Riley et al., 2009), have since been used to study genetic differences in a wide variety of
physiological and behavioral endpoints. For example, these strains have been shown to differ
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in terms of stress reactivity and HPA activation, with F344 rats more reactive to stressors
(Dhabhar et al., 1993; Sternberg et al., 1992; Stéhr et al., 2000).

These strains also differ in regards to exploratory tendencies and drug reactivity (see Kosten
and Ambrosio, 2002), including their relative sensitivity to the rewarding and aversive
effects of various drugs. Although initially characterized for their differences to the
rewarding effects of drugs (Davis et al., 2007; Picetti et al., 2010; Picetti et al., 2012; Stéhr
et al., 1998), the F344 and LEW strains have recently been assessed for their differential
sensitivity to the drugs’ aversive effects, those which might limit drug intake. In relation to
these aversive effects, Lancellotti et al. (2001) reported that while F344 rats developed
robust morphine-induced conditioned taste avoidance (CTAs), LEW rats failed to acquire
such avoidance at any dose tested and even after repeated conditioning trials (see also Davis
et al., 2012), indicating a relative insensitivity of LEW rats to the aversive motivational
properties of morphine. F344 rats also show greater CTAs induced by nicotine and ethanol
(see Pescatore et al., 2005; Roma et al., 2006). Interestingly, and in contrast to these
findings, LEW rats show a greater sensitivity to the aversive effects of cocaine as compared
to F344 rats (Glowa et al., 1994; Grigson and Freet, 2000). These differences suggest that
there is a genetic component in the relative sensitivity to these affective properties, with the
direction of the difference being drug-dependent (for similar analyses of strain differences
with the rewarding effects of drugs, see Cunningham et al., 1992a; Cunningham, 2014;
Davis et al., 2007).

Although the basis for the differences reported between the F344 and LEW strains in
relation to taste avoidance learning is not known, it might be predicted that drugs acting via
similar biochemical mechanisms would induce similar strain differences. In this context,
examining drugs with similar biological actions might provide insight into the basis for
strain differences with these drugs, as well as the mechanisms mediating avoidance induced
by these compounds. As noted above, cocaine-induced taste avoidance differs significantly
for the F344 and LEW strains (LEW > F344). In outbred rats, this effect appears to be
mediated primarily by cocaine’s actions on dopamine (DA), as DA antagonists such as
pimozide and haloperidol have been shown to block cocaine-induced CTA (see Hunt et al.,
1985; Serafine et al., 2012b). Consistent with these results, animals exposed to the selective
dopamine transporter (DAT) inhibitor GBR 12909 prior to taste avoidance conditioning with
cocaine display weaker cocaine-induced CTAs (Serafine et al., 2012a), suggesting an
adaptation to DA-mediated effects as a consequence of the preexposure and a role of DA in
cocaine’s aversive effects (for a review of drug preexposure, see Riley & Simpson, 2001).
Cocaine-induced taste avoidance is also weaker in knockout mice with a DAT deletion
(although it should be noted that NET- and SERT-knockout mice showed stronger
attenuation in this preparation; see Jones et al., 2010; for a complete discussion of
monoamine regulation of cocaine-induced taste avoidance, see Serafine and Riley, 2013). It
is clear from this evidence that DA plays some role in mediating taste avoidance induced by
cocaine.

Recently, the synthetic cathinone 3,4-methylenedioxypyrovalerone (MDPV; one of many
potential constituents of “Bath Salts™) has received attention due to its increased use and
associated anecdotal reports of paranoid psychotic behavior, agitation, hallucinations and
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delirium (see Bronstein et al., 2011; Penders, 2012). Like cocaine, MDPV acts as a DAT
blocker that inhibits clearance of endogenous DA and, thereby, increases extracellular
concentrations of DA in the nucleus accumbens and elsewhere. MDPV appears much more
efficient and potent than cocaine at inhibiting DA clearance (as well as in producing
locomotor activation, tachycardia, and hypertension; see Baumann et al., 2013a). Like
cocaine, MDPV possesses multiple stimulus properties. For example, Watterson et al. (2014)
found that MDPV maintained self-administration in rats across a range of doses,
progressively escalated intake over long-access conditions and significantly lowered ICSS
thresholds, results which demonstrate reinforcing or rewarding properties and suggest
possible abuse liability. On the other hand, Merluzzi et al. (2014) reported that MDPV
produced dose-dependent taste avoidance (at 1, 1.8 and 3.2 mg/kg) in both adolescent and
adult male Sprague-Dawley rats, indicating the presence of aversive properties of the drug.

Given that both cocaine and MDPV induce robust conditioned taste avoidance and have a
similar mechanism of action, i.e., DA reuptake inhibition, it might be predicted that the
aforementioned strain differences with cocaine-induced taste avoidance (LEW > F344)
would also be seen using MDPV as the avoidance-inducing agent. Such a finding would
support the role of DA in cocaine- and MDPV-induced taste avoidance and provide some
insight into the basis for any reported differences between the two strains in avoidance
induced by these compounds, e.g., differential sensitivities to the aversive effects mediated
by DA. Accordingly, F344 and LEW rats in the present study underwent taste avoidance
conditioning with one of four doses of MDPV (0, 1, 1.8, 3.2 mg/kg).

MDPYV, like many stimulants, has also been reported to induce hyperthermia (see Fantegrossi
et al., 2013; Merluzzi et al., 2014). Although we have recently noted that MDPV-induced
hyperthermia was unrelated to aversion learning in outbred Sprague-Dawley rats (see
Merluzzi et al., 2014), it is not known if and to what extent core body temperature is affected
by MDPV in these strains and if any reported differences are associated with MDPV-
induced taste avoidance. Work with other stimulants has demonstrated that hyperthermia-
induced neurotoxicity is mediated at least in part by excess DA activity at several DA
receptor subtypes (D1/D3; see Ares-Santos et al., 2012; Granado et al., 2011; Granado et al.,
2014). Given that the F344 and LEW strains differ significantly in DA reactivity (and the
molecular pathways involved in DA synthesis and release; see Beitner-Johnson et al., 1991;
Flores et al., 1998; Guitart et al., 1992; Strecker et al., 1994), it might be expected that core
temperatures would be differentially affected by MDPV. If these changes are involved in
MDPV-induced avoidance learning, there should be some relationship between the two in
these strains. Accordingly, in addition to the behavioral assessments, core body temperatures
for both strains were assessed prior to and following each drug injection during taste
avoidance conditioning.

2. Materials and Methods

Experimentally-naive male F344 (n= 32) and LEW (n7= 32) rats were obtained from Harlan
Sprague-Dawley (Indianapolis, IN) on postnatal day (PND) 21. Procedures recommended by
the National Research Council (1996), the Committee on Guidelines for the Care and Use of
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Animals in Neuroscience and Behavioral Research (2003) and the Institutional Animal Care
and Use Committee at American University were followed at all times.

Upon arrival to the animal facility on PND 21, subjects were group housed (three rats per
polycarbonate bins; 23 cm x 4 cm x 21cm) and maintained on ad-libitum food and water
until PND 89. On PND 77, subjects were handled and weighed and temperature probes were
implanted. Specifically, the injection site was aseptically cleaned with alcohol and a
temperature transponder (Bio Medic Data Systems, Seaford, DE; Model #IPTT-300) was
rapidly inserted subcutaneously into each animal’s left flank with a hypodermic needle. For
the next 7 days (PND 77-83), the temperature transponders were checked daily to assess
placement by palpating the injection site and for proper function by attempting to record the
temperatures. From PND 83-PND 88, animals were weighed, handled and scanned for body
temperature daily and each subject’s daily water consumption was recorded to the nearest
tenth of a milliliter (ml).

2.1. Drugs and Solutions

3,4-methylenedioxypyrovalerone hydrochloride (synthesized at the Chemical Biology
Research Branch of the National Institute on Drug Abuse) was dissolved in sterile isotonic
saline (0.9%) at a concentration of 1 mg/ml and was subsequently filtered through a 0.2 mm
filter to remove any contaminants before being administered intraperitoneally (IP) at a dose
of 1, 1.8 or 3.2 mg/kg (Merluzzi et al., 2014). Sterile isotonic saline was also filtered before
being administered to vehicle controls equivolume to the highest dose of MDPV
administered (3.2 mg/kg). Volume of the injection was manipulated in favor of concentration
given the influence concentration has on the absorption/distribution of the drug. Sodium
saccharin (0.1%; Sigma-Aldrich, St. Louis, MO) was prepared daily as a 1 g/L solution in
tap water.

2.2 Habituation

On PND 89, water was removed from all subjects for the next 24 h to encourage
consumption during training and testing. On the following day (PND 90), subjects were
removed from their group-housed bins, scanned for body temperature, weighed and placed
in individual hanging wire-mesh test cages (24.3 cm x 19 cm x 18 cm) where they received
45-min access to water in graduated 50-ml Nalgene tubes. Following removal of the water
tubes, the animals spent an additional 20 min in the test cages before they were returned to
their group-housed bins; water was then made freely available for 23 h. This procedure (24-h
water deprivation followed by 45-min water access in test cages followed by 23-h ad-libitum
water access) was repeated three additional times to ensure adaptation to test cage fluid
consumption.

2.3 Conditioning

On the day following the final water-adaptation cycle, water was again removed for 24 h. On
the next day, all subjects were weighed, handled, scanned for body temperature, placed in
the test cages and given 45-min access to a novel saccharin solution. The initial scan during
handling was to ensure that the probe was functioning, and these data were not considered in
any statistical analyses. Immediately following saccharin access, subjects were assigned to
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one of four groups such that saccharin consumption was comparable among groups.
Subjects were then scanned for body temperature and given an IP injection of either 0
(vehicle) or 1, 1.8 or 3.2 mg/kg MDPV. Animals were then returned to their group-housed
home cages where water was available ad libitum for the next 23 h. In addition to the scan
immediately prior to drug administration, animals were scanned 30-, 60-, 90- and 120-min
post injection. For each temperature recording, the probe was scanned three times and the
three measurements averaged, with the three measurements never differing by more than
0.9°C. The temperature data were uploaded to a spreadsheet from the Bio Medic Data
Systems scanner. This procedure (24-hour restriction; test cage saccharin access, injection
and ad-libitum access water access) was repeated an additional three times.

2.4 Statistical Analyses

3. Results

3.1CTA

On the initial conditioning trial (before drug administration), consumption by the F344 strain
was significantly less than that of the LEW strain (means of 4.40 and 8.62, respectively; F
(1, 63) = 160.334; for similar differences between the F344 and LEW strains, see Davis and
Riley, 2007; Hurwitz et al., 2013). Consequently, saccharin consumption was analyzed
separately for each strain with a 4 x 4 repeated measures ANOVA with between-subjects
factors of Dose (0, 1, 1.8 and 3.2) and a within-subjects factor of Trial (1 — 4). In the case of
two-way interactions, simple effects of Dose at each Trial (univariate analysis) and of Trial
at each Dose (multivariate analysis) were assessed, with Bonferroni-corrected multiple
comparisons as warranted. To enable direct comparison between strains (given strain
differences in consumption on Trial 1), consumption data on the final conditioning trial
(Trial 4) were standardized as percent of Group 0 for each strain and analyzed with a 2 x 4
factorial ANOVA with factors of Strain (F344 and LEW) and Dose (0, 1, 1.8 and 3.2). In the
event of an interaction, simple effects were assessed with Bonferroni-corrected multiple
comparisons as warranted.

Statistical analyses of body temperature were based on the mean of three serial scans per
animal per interval. Temperature differences were analyzed with a 2 x 4 x 4 x 5 mixed
model ANOVA with between-subjects factors of strain (F344 and LEW) and Dose (0, 1, 1.8
and 3.2) and within-subjects factors of Trial (1 — 4) and Interval (1 —5). Any interactions
were followed by tests of simple effects, with Bonferroni-corrected multiple comparisons as
warranted. All statistical analyses were based on a significance level of 0.05.

Saccharin consumption (ml) for F344 and LEW rats over the four repeated conditioning
trials are represented in Figures 1A and B, respectively. As illustrated, MDPV produced
comparable dose-dependent taste avoidance in both strains.

F344—The 4 x 4 mixed model ANOVA for saccharin consumption revealed significant
effects of Dose [~ (3, 30) = 6.524] and Trial [~ (3, 90) = 3.624], as well as a significant Dose
x Trial [F (9, 90) = 7.113] interaction. To further explore the Dose x Trial interaction, simple
effects of Dose at each Trial were assessed with a univariate analysis, which revealed
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significant differences on Trials 2—4 [Trial 2: ~ (3, 30) = 6.326; Trial 3: ~(3, 30) = 7.956;
Trial 4: F (3, 30) = 7.239]. Corrected multiple comparisons indicated that Groups 1.8 and 3.2
drank significantly less than Group 0 on Trials 2—4. Additionally, Group 3.2 drank
significantly less than Group 1 on Trials 2-4. A multivariate analysis examining changes in
consumption over trials for each dose indicated that Groups 0, 1 and 3.2 showed a
significant change in consumption across trials [Vehicle: ~(3, 28) =5.831; 1: £ (3, 28) =
3.057; 13.2: F (3, 28) = 6.394]. Multiple comparisons indicated that Group 0 significantly
increased consumption from Trial 1 to Trials 2 and 3, but consumption on Trial 4 did not
significantly differ from Trial 1. Group 1 significantly increased consumption from Trial 1 to
Trial 2, but consumption on Trials 3 and 4 did not differ from Trial 1. Conversely, Group 1.8
drank significantly less saccharin on Trial 3 than on Trial 1, but showed no difference
between Trials 2 and 4 and Trial 1. Finally, Group 3.2 drank significantly less saccharin on
Trials 2—4 than on Trial 1.

LEW—The 4 x 4 mixed model ANOVA for saccharin consumption from Trial 1 revealed
significant effects of Dose [F (3, 28) = 7.48] and Trial [~ (3, 84) = 10.939], as well as a
significant Dose x Trial [~ (9, 84) = 4.004] interaction. To further explore the Dose x Trial
interaction, simple effects of Dose at each Trial were assessed with a univariate analysis,
which revealed significant differences on Trials 2—4 [Trial 2: £ (3, 28) = 8.44; Trial 3: £ (3,
28) = 6.482; Trial 4: F (3, 28) = 5.165]. Corrected multiple comparisons indicated that on
Trial 2, Groups 1.8 and 3.2 drank significantly less than Groups 0 and 1. Additionally, on
Trials 3-4, Group 3.2 drank significantly less than Groups 0 and 1. A multivariate analysis
examining changes in consumption over trials for each dose indicated that Groups 1.8 and
3.2 showed a significant change in consumption across trials [1.8: £ (3, 26) = 4.675; 3.2: F
(3, 26) = 11.695]. Multiple comparisons indicated that Group 1.8 significantly decreased
consumption from Trial 1 to Trials 2 and 4, but consumption on Trial 3 did not significantly
differ from Trial 1. Group 3.2 significantly decreased consumption from Trial 1 to Trials 2—
4. No differences were seen across Trials for Groups 0 and 1.

Final Aversion Test (Trial 4)—To directly compare subjects in the two strains,
consumption for each dose group in each strain was calculated as a percentage of its
respective control group (Group 0) on the final conditioning trial (Trial 4). These
transformations are presented in Figure 2. As illustrated, although the percent of control
consumption was dose-dependent, there were no strain differences in these percentage shifts
at any dose. Specifically, the 4 x 4 factorial ANOVA revealed a main effect of Dose [ £ (3,
58) = 12.17], but no effect of Strain nor an interaction between Strain and Dose. In relation
to the main effect of Dose, a one-way ANOVA (collapsed across Strain) with Tukey’s post-
hoc revealed that Groups 1.8 and 3.2 showed significantly greater percentage differences
from control values compared to Groups 0 and 1.

3.2 Temperature Assessment

The temperature probes of one subject in Group LEW 1.8 and one subject in Group LEW
3.2 failed to function midway through conditioning. All data from these subjects were
removed from temperature assessments, leaving 7=7 and /7=9, respectively. The initial 2 x 4
x 4 x 5 mixed model ANOVA on body temperature yielded significant effects of Strain [~
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(1, 56) =6.263], Dose [F (3, 56)=3.355] and Interval [F (4, 672) = 27.315], as well as
significant Strain x Interval [~ (4, 672) =3.926] and Dose x Interval [F (12, 672) =2.566]
interactions. Given that no significant effect of Trial was found, data were collapsed across
Trials and analyzed with a 2 x 4 x 5 mixed model ANOVA. This analysis found significant
main effects of Interval [F (4, 224) =27.315], Strain [F (1, 56) = 6.263] and Dose [F (3, 56)
= 3.355], as well as significant Interval x Strain [F (4, 224)= 3.926] and Interval x Dose [F
(12, 224) = 2.566] interactions. No three-way interaction was found. Body temperature over
the five intervals (collapsed across Trials) is illustrated in Figures 3A (F344) and 3B (LEW).

In relation to the Dose x Interval interaction (collapsed across Strain), multivariate test of
simple effects indicated significant differences across intervals for all dose groups [VEH: F
(4,53) =17.852; 1: F (4, 53) = 24.114; 1.8: F (4, 53) = 30.326; 3.2: F (4, 53)= 34.716].
Pairwise comparisons indicated that at 30, 60 and 90 min post-injection, all groups injected
with MDPV displayed increases in temperature from the initial sampling period (i.e., 0 min).
This increase was also seen in the vehicle-treated animals at 30 min, which likely reflected a
stress response in the F344 strain (see Discussion below). By 120 min post injection, no
group differed from the initial temperature sample.

4. Discussion

Given that MDPV and cocaine both impact DA (Baumann et al., 2013b; Eshleman et al.,
2013), which is thought to mediate (at least in part) cocaine-induced taste avoidance
(Serafine et al., 2012a; Serafine et al., 2012b), it might be expected that the strain differences
seen with cocaine-induced taste avoidance (LEW > F344) would also be evident with
MDPV. As described, MDPV induced dose-dependent taste avoidance in both strains.
However, there was no evidence of any consistent strain differences in this avoidance. That
is, the rate of acquisition of the taste avoidance, as well as the degree of suppression was
comparable between the two strains. For example, following the initial conditioning trial,
subjects in the two high dose groups (i.e., Groups 1.8 and 3.2) in both strains displayed
significantly less consumption than control subjects (Group 0). Further, subjects in Groups
3.2 in both strains drank less than those in Groups 1 (displaying typical dose-related
avoidance). Group 1 never differed from controls at any point in conditioning. Over trials,
subjects in Groups 1.8 and 3.2 decreased consumption from their own Trial 1 baselines
(although the specific trials on which this occurred differed for the two strains at the 1.8
mg/kg dose, e.g., it was evident at Trial 3 for the F344 strain and Trials 2 and 4 for the LEW
subjects). Neither the control nor low dose MDPYV group (Group 1) drank less than baseline
over repeated trials. These parallels were also evident when direct comparisons between the
two strains were made on the final conditioning trial. Specifically, when the percentage
shifts from their respective controls were compared there were no differences between the
two strains at any dose. Since no drug group showed complete suppression of consumption
during conditioning nor complete suppression relative to controls on the final test, the lack
of strain differences was not likely due to a floor effect. Avoidance was dose-dependent and
graded, allowing for differences to be evident, should they exist.

Two issues are relevant to these findings. First, why don’t the F344 and LEW strains display
differences with MDPV given that MDPV and cocaine share a similar mechanism of action?
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Secondly, what accounts for MDPV-induced taste avoidance and why don’t the F344 and
LEW strains differ in these effects? In relation to the first issue, the basis for the current lack
of differences between the two strains (like those seen with cocaine) is unknown, but the
differential monoamine binding profiles between cocaine and MDPV may provide a possible
answer. While MDPYV is significantly more potent than cocaine as an uptake blocker at DAT
(MDPV: IC5q 4.1 £ 0.6 nM, COC: IC5 211 £19 nM) and NET (MDPV: I1C5q 25.9 £ 5.6 nM,
COC: IC5p 292 £34 nM), it is significantly weaker at SERT (MDPV: IC5q 3305 * 485 nM,
COC: IC5q 313 £17 nM), with DAT/SERT ratios of 806:1 (MDPV) and 1.5:1 (COC; see
Marusich et al., 2014). MDPV’s limited effects on serotonin (5-HT) could explain the lack
of differential strain effects seen in the present assessment, a possibility substantiated by
prior research on cocaine-induced taste avoidance. As noted above, 5-HT has also been
implicated in cocaine-induced taste avoidance. For example, transgenic mice with SERT
deletions display attenuated acquisition of cocaine-induced taste avoidance compared to
wild-type and DAT knockout mice (Jones et al., 2010), although it should be noted that NET
knockouts also produced significant attenuation of avoidance, precluding a solitary role of 5-
HT in this behavioral effect. Additionally, Serafine et al. (2010) reported that animals
exposed to cocaine prior to taste avoidance conditioning with fluoxetine (a selective 5-HT
reuptake inhibitor) displayed attenuated fluoxetine-induced taste avoidance, suggesting some
adaptation to their common aversive effects (see Braveman, 1975; Cappell et al., 1975; for a
review see Simpson and Riley, 2001). It should be noted that fluoxetine preexposure had no
impact on cocaine-induced taste avoidance, although as noted by the authors, it is possible
this was a dose-dependent effect. Given that the doses of fluoxetine used for preexposure
were relatively low (3.2, 5.6, 10 and 18 mg/kg), it is possible that larger doses would have
produced a stronger attenuation. This is supported by prior work by Jones et.al. (2009)
showing attenuated cocaine-induced taste avoidance in mice when the animals were
preexposed to a higher dose of fluoxetine (50 mg/kg). Additionally, Serafine et al. (2012a)
exposed animals to two doses of GBR 12909, a selective DAT inhibitor, prior to cocaine-
induced taste avoidance conditioning and found that only the high dose (50 mg/kg) blocked
subsequent avoidance, again suggesting the dose-dependent nature of the attenuating effects
of drug preexposure (for more on parameters of the preexposure effect, see Riley and
Simpson, 2001). Together, these studies suggest a possible role for 5-HT in cocaine-induced
taste avoidance and the failure of MDPV to induce strain-dependent differences in avoidance
learning given its limited effects on 5-HT.

In relation to what mediates taste avoidance with MDPV and why no differences are evident
between the two strains, it is important to note that only a single study to date has examined
such avoidance with this drug (see Merluzzi et al., 2014), so the mechanism mediating
MDPV’s aversive effects simply is not known. Consequently, it is difficult to determine why
the strains do not differ with this compound. It is interesting in this context that differences
in taste avoidance between the F344 and LEW strains have been reported for a wide variety
of compounds (see above) with the direction of the differences dependent upon the specific
drug tested. Although such differences have been widely reported, there are a handful of
drugs (and manipulations) for which they are not evident. For example, Wakeford and Riley
(2014) found that both the F344 and LEW strains acquired dose-dependent THC-induced
taste avoidance, but no significant strain effect was seen. Related preparations outside of
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drugs of abuse have also produced comparable avoidance between the two strains, including
those induced by wheel-running (Nakajima, 2014), LiCl (Foynes and Riley, 2004),
spontaneous withdrawal (in opiate dependent animals; Cobuzzi and Riley, 2011) and the
peripherally-acting opiate agonist, loperamide (Davis et al., 2012).

Wakeford and Riley (2014) proposed a possible explanation for the lack of strain differences
in taste avoidance induced by these manipulations. Specifically, drugs such as LiCl and THC
(at high doses) that do not produce strain differences in taste avoidance do produce disgust
reactions, such as gaping, chin rubbing and paw pushing to solutions with which they are
paired (Berridge et al., 1981; Parker and Gillies, 1995). That these behaviors are generally
thought to be associated with sickness supports the position that illness may mediate the
avoidance response induced by these drugs (see Parker, 2003). It is interesting to note that
Dwyer et al. (2008) reported that wheel running also induced palatability changes consistent
with those induced by emetics such as LiCl. Alternatively, drugs that do produce differential
avoidance between the F344 and LEW strains do not produce these disgust reactions (see
Parker, 2003 for a review). In relation to these findings, Wakeford and Riley suggested the
possibility that these strains do not differ in their sensitivity to emetic or sickness-inducing
agents. Interestingly, clinical reports have shown that MDPV use has been associated with
symptoms of nausea and vomiting (Coppola and Mondola, 2012; Wright et al., 2013).
Although these findings suggest that the failure to see strain differences in MDPV-induced
avoidance may be related to its sickness-inducing effects, it will be important to validate
such effects in preclinical models of emesis and palatability shifts (see Parker, 2014).

Although the focus of the current study was to determine whether strain differences seen
with cocaine would be evident with a drug with similar biochemical action, the secondary
issue was whether hyperthermia may be involved in any differential MDPV-induced
avoidance learning in these strains. As previously mentioned, the DA system has been
implicated in stimulant-induced hyperthermia, and given that the F344 and LEW animals
differ in DA reactivity (Cadoni and Chiara, 2007; Flores et al., 1998), body temperature at
multiple intervals following MDPV injections was assessed. As noted, MDPV induced
significant hyperthermia in both strains (an effect consistent with previous work assessing
MDPV-induce changes in temperature in outbred rats; see Merluzzi et al., 2014; Ross et al.,
2012). Although the two strains differed in core temperature, with LEW subjects displaying
significantly lower temperature than the F344 strain, there was no significant Strain by Dose
interaction, suggesting that these differences were independent of MDPV. Similar effects
have been reported with THC, suggesting that the differential changes in core temperature
may be a function of differential stress reactivity in the two strains (for a discussion, see
Wakeford and Riley, 2014).

The question initially posed was how taste avoidance induced by MDPV was related to any
changes in MDPV-induced changes in temperature. While MDPV did induce a hyperthermic
effect, this effect was not dose-dependent (in contrast to the effects seen with CTA).
Subsequent Pearson’s correlations confirmed that there were no significant relationships
between saccharin consumption and body temperature for either F344 or LEW animals on
any injection day at any time point post drug injection (Bonferroni corrected, all ps>.0125,
data not shown). Although there seemed to be a trend towards a dose effect in the Lewis
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animals, with the low dose producing the highest temperatures, this effect was not
statistically significant, likely due to high variability in those animals. This absence of a
relationship between avoidance and temperature is again consistent with Merluzzi et.al.
(2013), which showed a similar hyperthermic effect that was independent of MDPV-induced
avoidance learning in outbred rats. Although some prior work with ethanol has suggested a
contributory influence of ethanol’s thermic effects on strength of ethanol-induced taste
avoidance (see Cunningham et al., 1988; Cunningham et al., 1992b), this effect has not
consistently been found in these strains, or in outbred rats, with other drugs of abuse (see
Roma et al., 2006; Wakeford and Riley, 2014).

The findings presented here further demonstrate that while the subjective effects and
mechanisms of action of cocaine and MDPV have been linked (see Baumann et al., 2013b;
Coppola and Mondola, 2012), F344 and LEW animals do not differ in MDPV-induced taste
avoidance in a manner seen with cocaine. The drug and dose specificity of differential
avoidance between F344 and LEW animals suggests a complex genetic influence of multiple
(and likely interacting) monoaminergic systems and argues for independent mechanisms of
taste avoidance learning for cocaine and MDPV.
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Highlights
- MDPV induced dose-dependent conditioned taste avoidance (CTA).
- There were no strain differences in MDPV-induced taste avoidance.
- MDPV induced hyperthermia independent of strain.
- There was no relationship between MDPV-induced CTA and hyperthermia.

- MDPV-induced taste avoidance may be a function of its emetic effects.
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Figure 1.

Page 15

Saccharin consumption (ml) over repeated trials at each dose (0, 1, 1.8 and 3.2 mg/kg) of
MDPV for F344 (Panel A) and LEW (Panel B) rats
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Figure 2.

Percentage shift in saccharin consumption from their respective vehicle control subjects for
F344 and LEW rats at each dose of MDPV (1, 1.8 and 3.2 mg/kg) on the final conditioning

trial (Trial 4)
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Body temperature (collapsed across trials) immediately prior to and 30, 60, 90 and 120 min
following an injection of 0, 1, 1.8 and 3.2 mg/kg MDPV for F344 (A) and LEW (B) rats
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