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Abstract

Background—Drug use is thought to be a balance of the rewarding and aversive effects of drugs.
Understanding how various factors impact these properties and their relative balance may provide
insight into their abuse potential. In this context, the present study attempted to evaluate the effects
of drug history on the aversive effects of 3,4-methylenedioxypyrovalerone (MDPV), one of a
variety of synthetic cathinones (collectively known as “bath salts™).

Methods—Different groups of male Sprague-Dawley rats were exposed to either vehicle or
MDPV (1.8 mg/kg) once every fourth day for five total injections prior to taste avoidance
conditioning in which a novel saccharin solution was repeatedly paired with either vehicle, MDPV
(1.8 mg/kg), the related psychostimulant cocaine (18 mg/kg) or the emetic lithium chloride (LiCl)
(13.65 mg/kg).

Results—In animals pre-exposed to vehicle, all three drugs induced significant and comparable
taste avoidance relative to animals injected with vehicle during conditioning. MDPV pre-exposure
attenuated the avoidance induced by both MDPV and cocaine (greater attenuation for MDPV than
cocaine), but had no effect on that induced by LiCl.

Conclusions—These findings suggest that a history of MDPV use may reduce or attenuate
MDPV and cocaine’s (but not LiCI’s) aversive effects. The implications for such changes in
MDPV’s aversive effects to its potential use and abuse were discussed.
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1. Introduction

Drugs of abuse have both rewarding and aversive effects, and it is the balance of these two
affective properties that impact the use and abuse of these compounds (Colechio et al., 2014;
Riley et al. 2009; Stolerman, 1985; Wise et al., 1976). Understanding this relative balance
and the factors that influence it may be critical in predicting vulnerability to the drug’s use
and abuse (Cunningham et al., 2009; Riley, 2011). One class of drugs only recently
investigated in this context is the synthetic cathinones, e.g., 3,4-methylenedioxypyrovalerone
(MDPV), mephedrone (4-methylmethcathinone) and methylone. These drugs, known as
“bath salts”, initially appeared in reports from the CDC and emergency rooms across the
United States in 2010, and at the outset these products could easily be purchased over the
internet or in small retail locations such as head shops and gas stations (Ross et al., 2011;
Spiller et al., 2011). Often causing severe hallucinations, paranoia, violent behaviors,
tachycardia and even death (Baumann et al., 2014; Spiller et al., 2011), they pose a
significant threat, and yet they are relatively unknown compared to other abused compounds.

Although only recently introduced, these compounds have been examined for their aversive
and rewarding effects in a number of preclinical models (see King and Riley, 2016), and
similar to a host of other drugs of abuse, they produce both effects. For example, King and
her colleagues (2015 colleagues (2014a) reported that MDPV supported conditioned place
preferences (CPP) in male and female Sprague-Dawley rats (for CPP with other synthetic
cathinones, see Karlsson et al., 2014; Lisek et al., 2012). In related work, Watterson et al.
(2012b) reported that MDPV reduced ICSS thresholds (for assessments with other bath salts,
see Banono et al., 2014; Robinson et al., 2012; Watterson et al., 2012a), a reduction
indicative of the drug’s rewarding effects (Carlezon and Chartoff, 2007; Fouriezos and
Nawiesniak, 1987; Reid, 1987). Conversely, Merluzzi and his colleagues (2013) reported
that both adolescent and adult male Sprague-Dawley rats acquired dose-dependent MDPV-
induced conditioned taste avoidance (CTA; adults > adolescents) (see also King and Riley,
2013). In relation to the relative balance of the rewarding and aversive effects of the
cathinones, Aarde and his colleagues (2015 colleagues (2013) demonstrated that MDPV
supported intravenous self-administration (see also Schindler et al., 2015; Watterson et al.,
2014b; for related findings with mephedrone and methylone, see Aarde et al., 2015; Creehan
et al., 2015; Schindler et al., 2015; Vandewater et al., 2015; Watterson et al., 2014b, 2012a).
That these rewarding, aversive and reinforcing effects are evident across a number of
conditions and with a variety of bath salt constituents suggests the generalizability of the
abuse potential of this class of compounds.

What is less well characterized is how these effects (and their balance) are impacted by
factors reported to affect other drugs of abuse. Such factors include sex, age and genetics,
among others (see Cunningham et al., 2009; Riley, 2011). One that has received increasing
attention in this context is drug history. For example, rats with prior exposure to cocaine
display sensitized conditioned place preferences (Lett, 1985) and attenuated taste avoidance
(Riley and Diamond, 1998), indicative of changes in the rewarding and aversive effects of
the drug, respectively. Such sensitizing (Koob and LeMoal, 2005) and attenuating (Randich
and LoLordo, 1979; Riley and Simpson, 2001) effects of drug history have been reported for
a variety of drugs. In this context, Verendeev and Riley (2012) argue that drugs of abuse
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should be seen as complex compounds with multiple stimulus effects, some of which are
aversive and some of which are rewarding. With drug history, these aversive effects decrease
and the rewarding effects increase, thereby changing the affective balance of the compound
and potentially its likelihood for use and abuse (for such demonstrations with ethanol, see
Camarini and Hodge, 2004; Sanders and Spear, 2007; for cocaine, see Schenk and Partridge,
2000; 1997; for related discussion, see Ettenberg et al., 2015). Although the cathinones have
not been examined in this context, Gregg and his colleagues (2013) have recently reported
that pre-exposure to mephedrone sensitized mephedrone- and cocaine-, but not
methamphetamine-, induced locomotor activity in rats. Further, prior exposure to MDPV
sensitizes motor activity to itself and methamphetamine (Watterson et al., 2016) and prior
exposure to MDPV and 4-methylmethcathinone (4-MMC) (alone and in combination)
sensitizes motor activity to itself as well as to cocaine (Berquist et al., 2016). Interestingly,
these interactions are not necessarily symmetrical in that at the specific doses tested
exposure to cocaine does not impact mephedrone-induced locomotor activity (Gregg et al.,
2013) and exposure to methamphetamine does not sensitize MDPV-induced locomotion
(Watterson et al., 2016).

To date, there is no work assessing how exposure to the cathinones impacts their affective
properties or those of other drugs, although a recent case report (Cesar, 2015) noted that bath
salt users overall are likely to co-use other illicit compounds, increasing the likelihood of
such interactions. The present experiment began this examination by assessing the effects of
pre-exposure to MDPV on MDPV-, cocaine- and lithium chloride-induced taste avoidance, a
behavioral index of the aversive effects of drugs (see Riley and Tuck, 1985; see
www.CTAlearning.com). The effects of drug pre-exposure on taste avoidance learning are
well characterized (see Randich and LoLordo, 1979; Riley and Simpson, 2001) and evident
with both cocaine (Riley and Diamond, 1998; Simpson and Riley, 2005) and LiCl (Davis et
al., 2007; Riley et al., 1976), indicating that the aversive effects of these two drugs are
sensitive to drug history. The effects of MDPV pre-exposure on MDPV-induced avoidance
was examined given that the basic question was how MDPV history might impact its own
aversive effects. Cocaine-induced taste avoidance was examined in these assessments given
its shared mechanisms of action with MDPV, i.e., DA and NE reuptake inhibition (as
opposed to monoamine release by mephedrone and methylone; see Baumann et al., 2014;
Simmler et al., 2013). Lithium chloride (LiCl) was used as a negative control given that LiCl
produces strong taste avoidance (see Gore-Langton et al., 2015; Nachman and Ashe, 1973),
but not via similar neurochemical actions to bath salts (see Meyer and Quenzer, 2013; Stahl,
2009).

2. General Methods

2.1. Subjects

The subjects were 64 experimentally naive male Sprague-Dawley rats from Harlan Sprague-
Dawley, Indianapolis, IN. Rats entered the animal research facility at American University
on postnatal day (PND) 24 and were allowed to mature undisturbed with the exception of
weekly weight assessments from PND 24 though PND 77. Beginning on PND 78, animals
were weighed daily as an index of health status and to reduce handling stress during the
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experimental procedures. Subjects were 90 days old and weighed between 328 and 451
grams at the beginning of the study. Procedures recommended by the National Research
Council (1996), the Committee on Guidelines for the Care and Use of Animals in
Neuroscience and Behavioral Research (2003) and the Institutional Animal Care and Use
Committee at American University were followed at all times.

2.2. Drugs and solutions

MDPV (synthesized at the Molecular Targets and Medications Discovery Branch, NIDA)
was dissolved in isotonic saline (0.9%) at a concentration of 1 mg/ml before being injected
intraperitoneally (IP) at a dose of 1.8 mg/kg. Cocaine (generously provided by NIDA) was
dissolved in isotonic saline at a concentration of 10 mg/ml and injected subcutaneously (SC;
18 mg/kg). LiCl was dissolved in isotonic saline at a concentration of 6.4 mg/ml and
injected IP (13.65 mg/kg). The doses and routes of administration chosen produce
comparable avoidance among the three compounds and allow for comparisons for the effects
of MDPV history (see Ferrari et al., 1991; Gore-Langton et al., 2015; Merluzzi et al., 2013).
To control for the different routes of administration for MDPV and LiCl vs. cocaine,
equivolume isotonic saline (vehicle) was injected either IP or SC to control subjects. Each
drug (and vehicle) solution was prepared daily and passed through a 0.2 um filter prior to
injection. Saccharin (sodium saccharin, Sigma) was prepared as a 1g/l (0.1%) solution in tap
water.

2.3. Apparatus

Subjects were housed two per home-cage in OptiRat Plus cages (38.9 x 56.9 x 26.2 cm;
1181 cm?2) throughout the study. The room was maintained on a 12-h light/dark cycle (0800
—2000h) at 23 °C. Unless stated otherwise, food and water were available ad libitum.
During habituation, training and testing (see below), animals were transferred to individual
hanging, stainless-steel wire mesh cages (24.3 x 19 x 18 cm) on the front of which
graduated Nalgene tubes could be placed for fluid presentation.

2.4. Procedure

2.4.1. Phase I: Habituation—On PND 90, subjects were deprived of water for 23 h and
40 min and on the following day were given 20-min access to tap water in the stainless-steel
cages. Following this exposure, the animals were returned to their home cages. This
procedure was repeated for 6 days to allow water consumption to stabilize. Fluid was
presented in graduated 50-ml Nalgene tubes and indexed by the difference between the pre-
and post-consumption volumes.

2.4.2. Phase IlI: Pre-exposure—On PND 97, the subjects were presented with 20-min
access to tap water. They were matched on water consumption and assigned to two groups
such that water consumption was comparable. Five hours later, they were given an injection
of either MDPV (1.8 mg/kg) or equivolume saline (/7= 32 per group). The dose was based
on previous research in which 1.8 mg/kg MDPV induced intermediate taste avoidance (King
et al., 2015). Following the injection, subjects were returned to their home cages. On each of
the following 3 days, subjects were given 20-min water access but were not injected. This
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cycle of one injection day followed by 3 water-recovery days was repeated until all subjects
received a total of five complete cycles over the course of 20 days.

2.4.3. Phase llI: Conditioning—On Day 1 of this phase (PND 117), subjects were given
20-min access to a novel saccharin solution during their fluid-access period. Immediately
following saccharin consumption, animals in each pre-exposure group were assigned to one
of four drug groups such that consumption was comparable. This resulted in a total of eight
groups, i.e., VV, VM, VC, VL, MV, MM, MC and ML (n7= 8 per group). The first letter in
each group name denotes the pre-exposure condition (vehicle or MDPV), and the second
letter indicates the injection given during conditioning (vehicle, MDPV, cocaine or LiCl).
Immediately after saccharin consumption and group assignments, animals were transported
to an adjacent room where they were given their corresponding injections. Once injections
were completed, subjects were returned to their home cages. For the next 3 days, rats were
given access to tap water for 20 min but not injected. This cycle of 20-min saccharin access
paired with a drug/vehicle injection (Day 1) followed by 20-min water access on the
subsequent 3 days (Day 2-4) constituted one conditioning cycle. This procedure was
repeated for four additional cycles.

2.5. Statistical Analysis

3. Results

To assess whether MDPV pre-exposure affected fluid consumption or growth, water intake
and body weight over pre-exposure were analyzed using a 2 x 23 mixed model ANOVA
with a between-subjects factor of Pre-exposure Drug (vehicle, MDPV) and a within-subjects
factor of Pre-exposure Day (PND 94-116). In the event of a Pre-exposure Drug x Pre-
exposure Day interaction, differences between groups were tested with one-way ANOVAS
with Bonferroni corrections. During CTA conditioning, differences in saccharin
consumption were analyzed using a 2 x 4 x 5 mixed-model ANOVA with between-subject
factors of Pre-exposure Drug (vehicle, MDPV) and Conditioning Drug (vehicle, MDPV,
cocaine, LiCl) and a within-subjects factor of Trial (1-5). In the case of a three-way
interaction, simple effects of Trial at each Pre-exposure Drug and Conditioning Drug
(multivariate analysis) and the effects of Pre-exposure Drug at each Conditioning Drug and
Trial (univariate analysis) were assessed and followed with Bonferonni-corrected multiple
comparisons as warranted. Significance levels were set at p < 0.05.

3.1 Pre-exposure

The 2 x 23 mixed model ANOVA on water consumption over pre-exposure revealed a
significant effect of Pre-exposure Day [F(22,1320) = 10.503, p < 0.05], but not of Pre-
exposure Drug. There was no significant Pre-exposure Drug x Pre-exposure Day interaction.
Although there was a significant effect of Pre-exposure Day, a repeated measures one-way
ANOVA with Bonferroni-corrected contrasts revealed that there were no significant changes
in consumption over days compared to the baseline consumption on Day 94 (see Figure 1).

Similarly, the 2 x 23 mixed model ANOVA on body weight over pre-exposure revealed a
significant effect of Pre-exposure Day [F(22,1320) =13.873, p < 0.05], but not Pre-exposure
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Drug or a Pre-exposure Drug x Pre-exposure Day interaction. There was no significant Pre-
exposure Drug x Pre-exposure Day interaction. Although there was a significant effect of
Pre-exposure Day, a repeated measures one-way ANOVA with Bonferroni-corrected
contrasts revealed that there were no significant changes in body weights over days
compared to the baseline weight on Day 94 (see Figure 2).

3.2 Conditioned Taste Avoidance

MDPV pre-exposure attenuated the avoidance induced by both MDPV and cocaine, but had
no effect on avoidance induced by LiCl. The 2 x 4 x 5 mixed model ANOVA on saccharin
consumption over conditioning revealed a significant main effect of Trial [F(4,216) =
100.281, p < 0.05] and Conditioning Drug [F(12,216) = 22.597, p < 0.05], as well as
significant Pre-exposure Drug x Conditioning Drug [F(3,54) = 4.134, p < .05], Trial x
Conditioning Drug [F(3,54) = 66.971, p < 0.05] and Trial x Pre-exposure Drug x
Conditioning Drug [F(3,54) = 3.536, p < 0.05] interactions. There was no significant
interaction of Trial x Pre-exposure Drug. Given the significant three-way interaction,
univariate analysis and Bonferonni-corrected multiple comparisons examined the differences
between groups on individual trials.

Vehicle pre-exposed groups—Animals pre-exposed to the MDPV vehicle and injected
with vehicle following saccharin consumption (Group VV) consumed approximately 12 ml
on the initial access to saccharin (see Figure 3; open circles, top left panel). These subjects
significantly increased saccharin consumption over conditioning, drinking approximately 18
ml on each remaining trial (all ps < 0.05). Animals injected with MDPV (Group VM; open
circles, top right panel), cocaine (Group VC; open circles, bottom left panel) and LiCl
(Group VL; open circles, bottom right panel) also drank approximately 12 ml on the initial
exposure to saccharin. Each of these groups significantly decreased saccharin consumption
by Trial 2, indicative of the acquisition of a conditioned taste avoidance (all ps < 0.05).
Although there were no differences in saccharin consumption among the vehicle pre-
exposed groups on Trial 1, all drug-injected subjects under the vehicle-pre-exposed
condition (Groups VM, VC and VL) drank less saccharin than Group VV on Trials 2-5 (all
ps < 0.05). There were no differences among the drug-injected groups.

MDPV pre-exposed groups—Animals pre-exposed to MDPV and injected with vehicle
following saccharin consumption (Group MV) consumed approximately 12 ml on the initial
access to saccharin and significantly increased saccharin consumption on the remaining
trials (all ps < 0.05 except Trial 4), indicating that MDPV pre-exposure had no effect on
saccharin consumption in animals for which saccharin was paired with a vehicle injection
(see Figure 3; closed squares, top left panel). Animals pre-exposed to MDPV and injected
with MDPV (Group MM,; closed square, top right panel), cocaine (Group MC; closed
square, bottom left panel) and LiCl (Group ML; closed square, bottom right panel) during
conditioning also drank approximately 12 ml on the initial exposure to saccharin. Each of
these groups eventually decreased saccharin consumption over trials, although they differed
in the degree and rate at which this occurred. For example, subjects in Group MM increased
saccharin consumption on Trial 2 and decreased from their own baseline only on Trial 4,
whereas subjects in Groups MC and ML displayed significant decreases in saccharin
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consumption from their own baseline on Trials 3-5 (all ps < 0.05). Further, Group ML drank
less saccharin than Group MV on the second conditioning trial, although Groups MM and
MC did not differ from Group MV on this exposure. With repeated conditioning, all drug-
conditioned groups displayed a taste avoidance, drinking significantly less than Group MV
(all ps < 0.05).

MDPV vs. vehicle pre-exposure—The fact that animals pre-exposed to MDPV and
conditioned with MDPYV and cocaine did not differ from their vehicle-conditioned controls
on Conditioning Trial 2, while vehicle-pre-exposed animals conditioned with these drugs did
differ (see above), suggests that avoidance was retarded in these MDPYV pre-exposed groups.
This was also evident when direct comparisons were made between the two pre-exposure
conditions. Specifically, vehicle and MDPV pre-exposed animals injected with vehicle
during conditioning (Groups VV and MV, respectively) did not differ at any point (see
Figure 3; top left panel,). On the other hand, subjects pre-exposed to MDPV and conditioned
with MDPV (Group MM) displayed weaker taste avoidance on Trials 2-5 relative to vehicle
pre-exposed subjects conditioned with MDPV (Group VM; see Figure 3; top right panel).
Subjects pre-exposed to MDPV and conditioned with cocaine (Group MC) displayed
retarded acquisition relative to their vehicle-pre-exposed controls conditioned with cocaine
(Group VC), drinking significantly more saccharin on Trial 2 (p < 0.05), although showing
no differences on the subsequent conditioning trials (see Figure 3; bottom left panel). On the
other hand, animals conditioned with LiCl drank comparable amounts of saccharin
independent of MDPV (Group ML) or vehicle (Group VL) pre-exposure, i.e., there was no
evidence of MDPV pre-exposure on LiCl-induced taste avoidance (see Figure 3; bottom
right panel).

4. Discussion

Given that the balance of the aversive and rewarding effects of drugs has been suggested to
contribute to drug taking, it is important to determine which factors may influence the
strength of each of these and, thus, their overall balance. Accordingly, the present study
examined the impact of MDPV history on its own aversive effects as well as those of a
related psychostimulant, cocaine, and a typical emetic, LiCl. As described, although all three
compounds induced significant taste avoidance, the avoidance induced by both MDPV and
cocaine was significantly attenuated by MDPV pre-exposure, but not that induced by LiCl.

The fact that MDPV pre-exposure attenuated its own ability to induce a taste avoidance
parallels similar findings with a host of other drugs of abuse assessed in this basic design
(for reviews, see Randich and LoLordo, 1979; Riley and Simpson, 2001). Under such
conditions, the acquisition of taste avoidance and/or its asymptotic level is significantly
affected, indicative of a reduction in the drug’s aversive effects. Although generally
attenuated, with continued pairings of saccharin with MDPYV, taste avoidance was eventually
acquired indicating that while the aversive effects of the drug had been weakened with pre-
exposure there remained sufficient aversive effects to induce a taste avoidance (for a related
comparison, see Simpson and Riley, 2005). That pre-exposure to MDPV also attenuated
cocaine-induced taste avoidance is interesting in light of the fact that the neurochemical
mechanism(s) mediating cocaine’s actions are not identical to those of MDPV. Specifically,
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although both MDPV and cocaine inhibit the reuptake of the monoamines at their respective
transporters, i.e., DAT, NET and SERT, MDPV is more potent than cocaine at inhibiting the
reuptake of dopamine (MDPV: ICsg 4.1 £ 0.6 nM, COC: ICgsq 211 + 19 nM) and
norepinephrine (MDPV: I1C5q 25.9 £ 5.6 nM, COC: I1C5q 292 + 34 nM), and less potent at
inhibiting the reuptake of serotonin (MDPV: IC5q 3305 + 485 nM, COC: ICgq 313 + 17 nM)
with DAT/SERT ratios of 806:1 (MDPV) compared to 1.5:1 (cocaine) (Glennon and Young,
2016; Karch 2015; King et al., 2014b; Marusich et al., 2014; Simmler et al., 2013). Given
their shared (but not identical) mechanisms of action, it is not surprising that the effects of
MDPV pre-exposure on MDPV avoidance were greater than that on cocaine (for a
discussion of cross-drug pre-exposure, see Serafine and Riley, 2013). The fact that with
repeated conditioning trials, consumption for the MDPV pre-exposed, cocaine-injected
subjects eventually decreased is similar to other work assessing the effects of cocaine history
on cocaine-induced avoidance, again suggesting that the remaining aversive effects of the
drug are sufficient to reduce consumption (for comparison, see Riley and Diamond, 1998;
Simpson and Riley, 2005). As noted, LiCl was used as a negative control given that although
it produces strong taste avoidance (see Gore-Langton et al., 2015; Nachman and Ashe,
1973), there is little evidence that it impacts the monoamines (see Jope, 1999; Stahl, 2009).
In fact, it has been reported to increase catecholamine reuptake and facilitate the release of
serotonin, effects quite different from that of MDPV (Meyer and Quenzer, 2013). As such,
there was no expectation of any effects of MDPV pre-exposure on taste avoidance induced
by LiCl. The failure of MDPV to impact LiCl-induced taste avoidance is not a function of
the inability of LiCl to be affected by drug history in general. Animals pre-exposed to LiCl
display significantly attenuated LiCl-induced avoidance that parallels that seen with other
drugs (both classical emetics and drugs of abuse; see Riley and Simpson, 2001). The lack of
attenuation with LiCl suggests that MDPV’s effects on itself and cocaine were likely due to
its actions on monoamine reuptake. This discussion of the mechanism of action of MDPV
relative to those of cocaine and LiCl to account for the likelihood or failure of any effects of
MDPV pre-exposure must be qualified in that little is truly known about the biochemical
bases of the aversive effects of any of these compounds. That is, the effects of each of these
compounds in general do not necessarily indicate which of these effects mediates their
ability to induce taste avoidance. Of the three compounds examined, the only one for which
the aversive effects have been systematically examined is cocaine, and even here there is no
consensus as to its mediation (see Serafine and Riley, 2013 for a discussion). Consequently,
it remains speculative as to why MDPV attenuates the effects of cocaine but not LiCl.

Independent of the specific biochemical mechanism(s) involved, the fact that MDPV pre-
exposure significantly attenuated taste avoidance induced by both MDPV and cocaine
suggests a history of MDPV use may reduce or attenuate their aversive effects. Based on
work with several other compounds, the attenuation of a drug’s aversive effects appears to
shift the balance of their affective properties more to reward, impacting their potential use
and abuse (for examples, see Camarini and Hodge, 2004; Sanders and Spear, 2007).
Although it is possible that the reported changes in MDPV’s aversive effects may affect its
abuse potential, there are several caveats to this position. First, given the recently reported
motor sensitizing effects of cathinone pre-exposure (see Berquist et al., 2016; Gregg et al.,
2013; Watterson et al., 2015), such a history could also impact MDPV’s rewarding effects
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(e.g., changes in MDPV-induced place preference conditioning) and until these assessments
are made it is impossible to predict the direction of change in the overall balance and how
the change might impact the drug’s self-administration. This is especially relevant given that
the aversive and rewarding effects of drugs appear to be dissociable, i.e., changes in one
effect is not necessarily paralleled by changes in the other (see Simpson and Riley, 2005;
Verendeev and Riley, 2011; for a review, see Verendeev and Riley, 2012). Secondly,
independent assessments of changes in drug intake need to be directly made, i.e., the effects
of drug history on MDPV self-administration must be assessed to determine the potential for
increased and/or escalated use. Also, given the effects of MDPV history on cocaine-induced
taste avoidance, similar work needs to be extended to cocaine’s rewarding (CPP) and
reinforcing (SA) effects. Further, given that the effects of drug history have been reported to
be asymmetrical for some compounds, i.e., Drug A affects Drug B, but not vice versa (for a
discussion, see Grakalic and Riley, 2002; for a review, see Riley and Simpson, 2001), the
impact of cocaine on MDPV needs further assessment as well. It is interesting to note that
several studies assessing the serial interactions between cathinones and psychostimulants
(see Gregg, 2013; Watterson et al., 2016), the interaction was asymmetrical. For example,
mephedrone exposure sensitizes cocaine’s motoric effects, but cocaine has no effect on
motor activity induced by mephedrone (Gregg, 2013). Similarly, exposure to MDPV
sensitizes methamphetamine-induced motor activity, but not vice versa (Watterson et al.,
2016). Finally, it will be important to determine how general the effects of a history with
bath salts are, i.e., whether the work reported here with MDPV will generalize to other bath
salts which have been reported to have different effects in other behavioral designs (e.g., see
Bonano et al., 2014; Creehan et al., 2015; Gregg and Rawls, 2014; Karlsson et al., 2014;
Schindler et al., 2015; Watterson et al., 2012a, 2014a; for a discussion of differences
between enantiomers of MDPV, see Gannon et al., 2016). By examining the effects of
various factors such as drug history on the rewarding and aversive effects of the bath salts,
insights into their abuse potential (and thereby procedures to reduce this vulnerability) might
be gained.
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Figurel.

Mean (+/- SEM) water consumption (ml) of groups pre-exposed to water or MDPV during
the pre-exposure period (drug/vehicle pre-exposure days are designated by vertical dotted
lines). There was no effect of Pre-exposure Drug nor a significant interaction of Pre-
exposure Drug and Pre-exposure Day. Significance was p < 0.05; n= 32 per group.
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Figure2.
Mean (+/- SEM) body weight (g) of groups pre-exposed to water or MDPV during the pre-

exposure period (drug/vehicle pre-exposure days are designated by vertical dotted lines).
There was no effect of Pre-exposure Drug nor a significant interaction of Pre-exposure Drug
and Pre-exposure Day. Significance was p < 0.05; 7= 32 per group.
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Figure 3.

Mean (+/- SEM) saccharin consumption over taste avoidance conditioning for animals pre-
exposed to vehicle (open circle) and MDPV (closed squares) and injected during
conditioning with vehicle (top left panel), MDPV (top right panel), cocaine (bottom left
panel) and LiCl (bottom right panel). *significantly different from Trial 1 (vehicle-pre-
exposed); #significantly different from Trial 1 (MDPV pre-exposed); *significant difference
between vehicle and MDPV pre-exposed groups. Significance was p < 0.05; n= 8 per group.
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