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Abstract
Human cocaine users report that the initial “high” produced by cocaine administration is followed
by an anxiogenic “crash”. Given that cocaine has such robust and opposing properties, it is likely
that both the positive and negative effects of cocaine contribute to an individual’s motivation to
administer the drug. Despite this likelihood, the neurobiology underlying cocaine’s dual processes
remains unclear. While much literature supports a role for dopamine (DA) in cocaine reward, it is
uncertain if DA also contributes to the drug’s negative effects. Our laboratory has extensively
utilized a modified conditioned place test to explore cocaine’s opponent processes. In this
paradigm rats develop conditioned place preferences (CPPs) for an environment paired with the
immediate/positive effects of cocaine, and conditioned place aversions (CPAs) for an environment
paired with the delayed/negative effects present 15-min after i.v. injection. In the current study rats
were conditioned to associate an environment with either the immediate or delayed effects of i.v.
cocaine (1 mg/kg/0.1 ml) three hours after i.p. pre-treatment with either the DA D1/D2 receptor
antagonist cis-flupenthixol (0.5 mg/kg/ml) or saline vehicle. As expected, vehicle-treated control
animals developed the normal pattern of CPPs for cocaine’s immediate effects or CPAs for the
delayed effects of cocaine. However, while DA receptor antagonism prevented the expression of
cocaine CPPs it did not alter the expression of cocaine-induced CPAs. These data confirm a role
for DA transmission in cocaine reward but suggest that different neural pathways mediate the
drug’s negative/anxiogenic properties.
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1. Introduction
Human drug users report that the intense pleasure produced by cocaine administration is
typically followed by feelings of anxiety, dysphoria, irritability, and craving (Anthony et al.,
1989; Resnick et al., 1977; Rohsenow et al., 2007; Williamson et al., 1997). Cocaine’s dual
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positive and negative effects can also be observed in a variety of animal models. For
instance, while animals readily self-administer intravenous cocaine (Deneau et al., 1969;
Hill & Powell, 1976) and develop preferences for environments paired with the immediate/
positive effects of the drug (Mucha et al., 1982; Spyraki et al., 1982), cocaine also increases
anxiogenic behaviors in rodents (Simon et al., 1994; Yang et al., 1992; Costall et al., 1989;
Rogerio and Takahashi, 1992) and animals develop aversions to environments paired with
the drug’s delayed/negative effects (Ettenberg et al., 1999; Ettenberg and Bernardi, 2007;
Jhou et al., 2013; Knackstead et al., 2002; Su et al., 2013). These dual effects of cocaine
align well with Solomon and Corbit’s (1974) classic Opponent Process Theory, which
postulates that motivation stems from the algebraic summation of diametrically opposite and
temporally dissociated biological responses to affective stimuli. Given that cocaine
administration results in such robust and opposing effects, it seems reasonable to presume
that the relative balance between the positive/euphoric and negative/anxiogenic effects of
cocaine determine the strength of an individual’s motivation to seek and administer the drug.
However, while the neural mechanisms underlying the positive/euphoric effects of cocaine
have been well documented, the neurobiology underlying cocaine’s negative/anxiogenic
effects remains unclear.

A wide body of research suggests a role for mesolimbic dopamine in reinforcement for
natural incentive stimuli such as food or water as well as for drugs of abuse (Berridge, 2009;
Ikemoto, 2007; Taber et al., 2012; Wise and Rompre, 1989). Cocaine itself is a potent
synaptic dopamine (DA) agonist by way of transporter inhibition (Koe, 1976; Reith et al.,
1986), and its administration results in a rise in extracellular DA levels within terminal fields
of the mesolimbic system (Church et al., 1987; Hernandez and Hoebel, 1988; Moghaddam
and Bunney, 1989). The role of DA in cocaine reward and reinforcement has been suggested
by both pharmacological and lesion studies. Disruption of DA-ergic activity of the
mesolimbic system via lesion or the administration of DA antagonist drugs, attenuates both
conditioned place preferences for cocaine (Isaac et al., 1989; Morency and Beninger, 1986;
Spyraki et al., 1987; Veeneman et al., 2011) as well as operant cocaine self-administration
(Ettenberg et al., 1982; Pettit et al., 1984; Roberts et al., 1977; Roberts and Koob, 1982).
Human studies also support a link between DA systems and reward. Decreased
dopaminergic function is thought to contribute to the experience of anhedonia in both
clinical and normal populations (Belmaker and Wald, 1977; Fibiger, 1984; Healy, 1989).
More specifically in regards to cocaine, humans drug users’ subjective descriptions of
euphoria have been shown to be highly correlated with cocaine-induced increases in striatal
DA activity (Volkow et al., 1996), and the administration of DA antagonists dose-
dependently decreases self-reported ratings of the cocaine “high” (Romach et al., 1999).

Interestingly, aversive and stressful events have also been shown to excite midbrain
dopamine neurons. For example, electrophysiological recordings of putative DA neurons
within the ventral tegmental area (VTA) show increased activity in response to negative
stimuli such as restraint stress, tail pinch, and foot shock (Anstrom and Woodward, 2005;
Brischoux et al., 2009; Mantz et al., 1989), and DA levels are elevated in terminal fields of
the mesolimbic system following such aversive events (Abercrombie et al., 1989; Bassareo
et al., 2002). Research on cocaine-induced anxiety also highlights a role for mesolimbic DA.
Simon and colleagues (1993, 1994) utilized an open field test and a light/dark box test to
show that cocaine-induced anxiogenic behaviors are exacerbated by injection of the
selective DA reuptake inhibitor GBR-12783 or other DA agonists. Furthermore, DA
signaling within the mesolimbic system has been shown to be integral for the demonstration
of stress-induced reinstatement of cocaine seeking following a period of drug abstinence
(Capriles et al., 2003; McFarland et al., 2004; Wang et al., 2005; Xi et al., 2004). It should
be noted, however, that previous research has identified other catecholamine systems as
potential substrates for the expression of cocaine’s negative/anxiogenic effects (Ettenberg et
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al., 2011; Ettenberg and Bernardi, 2006; Ettenberg and Bernardi, 2007; Schank et al., 2008;
Smith and Aston-Jones, 2008; Wenzel et al., 2012). Thus the precise nature of the neuronal
systems underlying these effects of cocaine remains unclear.

It was in this context, that the current investigation was devised to examine the contribution
of DA to the dual positive and negative effects of cocaine. The experiment described here
involved two phases. First a test of locomotor activity was employed to identify a
behaviorally effective dose of cis-flupenthixol. Cis-flupenthixol is a potent and selective DA
receptor antagonist (Møller-Nielsen, 1973; Creese et al., 1976), which has been shown to
disrupt operant responding for cocaine reinforcement (Ettenberg et al., 1982), conditioned-
place preferences for cocaine-paired environments (Veeneman et al., 2011), and cocaine-
induced increases in locomotor activity (Delfs et al., 1990). Several investigators have
suggested that a drug’s capacity to enhance locomotor activity serves as a predictor of that
drug’s rewarding/abuse potential (e.g., Almaric and Koob, 1993; Gold et al., 1989; Uhl et
al., 2002; Wise, 2005). Hence our intent in the locomotor activity test was simply to identify
a dose of cis-fluenthixol that reversed the locomotor stimulant effects of cocaine (and would
therefore be a reasonable challenge dose for effectively antagonizing the positive rewarding
effects of cocaine) without abolishing the animal’s capacity for movement. The second
phase of the study then utilized this dose of cis-flupenthixol in a modified conditioned place
test model. As alluded to above, rats will form conditioned preferences for distinctive
environments associated with the immediate rewarding impact of i.v. cocaine and aversions
for environments associated with the delayed/anxiogenic effects of the drug present 15-min
post-infusion. In the current study, animals were systemically pretreated with cis-
flupenthixol during conditioning trials to determine whether compromising DA function
would interfere with the development of the learned place preferences (CPP), aversions
(CPA), or both. Solomon and Corbit’s (1974) Opponent Process Theory speculated that the
immediate “a” and the opponent “b” processes (e.g., the initial “high” and the subsequent
“crash” after cocaine administration) were subserved by separate distinct neuronal systems.
It was therefore hypothesized that pretreatments with the DA antagonist would attenuate the
rewarding properties of cocaine and hence decrease or prevent the establishment of cocaine-
induced CPPs (as previously shown by several others; e.g., Morency and Beninger, 1986;
Spyraki et al., 1987; Veeneman et al., 2011), but leave the development of CPAs intact.

2.0 Materials and Methods
2.1 Subjects

Subjects were adult male albino Sprague-Dawley rats weighing 275–300g at the time of
surgery. Rats were obtained from Charles River Laboratories (Hollister, California, USA)
and were pair-housed in hanging plastic cages within a temperature-controlled (23° C)
vivarium maintained under a reverse 12-hour light-dark cycle (lights off at 0800h). Animals
were provided ad libitum access to food (Purina Rat Chow) and water throughout the
duration of the study. All animal handling and procedures adhered to the NIH Guide for the
Care and Use of Laboratory Animals and were reviewed and approved by University of
California at Santa Barbara’s Institutional Animal Care and Use Committee.

2.2 Surgery
Rats were acclimatized to experimental procedures through daily handling for a minimum of
one week prior to surgery. Each rat was then fitted with a chronic indwelling catheter (13
mm of polyethylene tubing, 0.3 mm inner diameter, 0.64 outer diameter; Dow Corning
Corporation, Midland, MI, USA) inserted under deep anesthesia induced by an intra-
muscular injection of a combined solution of ketamine and xylazine (56.5 and 7.5 mg/kg,
respectively; Abbott Laboratories). One end of the catheter was inserted into the right
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jugular vein and secured in place by silk sutures while the other open end was passed
subcutaneously to a stainless steel guide cannula (Item 313G; Plastics One, Roanoke, VA,
USA) that exited though a small 2 mm hole on the midline of the animal’s back. Dental
cement was used to secure the cannula to a 2 cm square of surgical Mersilene mesh (Bard;
Warwick, RI) which allowed the catheter port to lay flat against the subdermal tissue on the
animal’s back. During surgery each subject received an injection of the non-opiate
analgesic, flunixin meglumine (FluMeglumine; Phoenix Pharmaceuticals, Belmont,
California, USA; 2.0 mg/kg, s.c.) to reduce post-surgical pain and 3 ml of 0.9%
physiological saline s.c. to prevent dehydration. Additionally, following surgery animals
received the antibiotic, ticarcillin disodium/clavulanate potassium (Timentin; 50 mg/kg i.v.
in 0.1 ml sterile 0.9 % physiological saline) and 0.1 ml of the anticoagulant heparin (66 IU/
0.1 ml i.v. prepared in 0.9% physiological saline) to protect against microbial infection and
to promote catheter patency.

All subjects were allowed a minimum of one week to recover from surgery before
experimental procedures began. During this time, catheters were flushed once daily with 0.1
ml of Timentin antibiotic (25 mg/kg) followed by 0.1 ml of heparinized 0.9% physiological
saline. Prior to the start of the experiment, and every seven days thereafter, catheter patency
was confirmed in all animals by observing the behavioral impact of an i.v. injection of the
fast-acting barbiturate, methohexital sodium (Brevital; 2.0 mg/kg in 0.1 ml filtered nanopure
water). Animals that were unresponsive to the Brevital (i.e. did not exhibit the loss of their
righting reflex) when examined prior to testing were re-implanted with a new catheter using
the left jugular vein and given additional days for recovery. If catheter patency failed during
the course of behavioral testing, that animal was removed from the data analysis.

2.3 Drugs
Cocaine hydrochloride (provided by the National Institute on Drug Abuse) was dissolved in
0.9% physiological saline and sterile filtered. For the locomotor activity assessment, a dose
of 15 mg/kg was delivered i.p. – this dose was chosen due to its ability to reliably elevate
locomotor activity in rats (e.g., Kosten et al., 1994; Wenzel et al., 2011b). For conditioned
place test procedures, cocaine (1.0 mg/kg) was delivered i.v. in a volume of 0.1 ml over 4.3
seconds via a 10 ml syringe nested in a motorized syringe pump (Razel Scientific
Instruments, St. Albans, Vermont, USA). The drug dose for this project is the standard dose
that has been employed in prior studies in our laboratory and has been shown to consistently
produce conditioned place preferences and aversions (Ettenberg et al., 1999; Ettenberg and
Bernardi, 2007; Knackstead et al., 2002). Cis-flupenthixol (Sigma Aldrich, St. Louis,
Missouri, USA) was dissolved in 0.9% physiological saline vehicle to a dose of 0.125, 0.25,
or 0.5 mg/kg and delivered i.p. in a volume of 1 ml/kg.

2.4 Locomotor Activity Apparatus
Locomotor activity was measured in 12 identical Plexiglas chambers each measuring 20 cm
L × 40 cm W × 20 cm H (Kinder Scientific, San Diego, California, USA). Each chamber
contained a set of 15 infrared photoemitter-detector pairs located 8 cm above the floors and
evenly spaced along the long axis; seven more emitter-detector pairs were distributed along
the narrow axis of each chamber. A subject’s movement within the chamber was detected
via interruption of the infrared-photobeams. A desktop computer running custom software
(Kinder Scientific) recorded the animals’ movements in real time during two 1-h test
sessions. Activity was measured as distance traveled in cm and summed into 5-min bins.

2.5 Locomotor Activity Procedure
In order to ensure a behaviorally effective dose of DA antagonist, rats (n=21) underwent
locomotor activity testing. For this assay, rats were divided into four groups and received a
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single injection of either 0.0, 0.125, 0.25, or 0.5 mg/kg cis-flupenthixol delivered in a
volume of 1 ml/kg. Immediately following cis-flupenthixol administration, rats were then
returned to their home cage for two hours. Each rat was then retrieved and individually
placed into an assigned locomotor chamber and allowed to habituate to the apparatus for one
hour. Following habituation (i.e., 3 h after either cis-flupenthixol pretreatment) each subject
was removed from the locomotor chambers, administered an i.p. injection of cocaine (15
mg/kg/1 ml), and returned to the locomotor apparatus for an additional one-hour test session.

2.6 Conditioned Place Test Apparatus
Two identical rectangular wooden Conditioned Place Test boxes served as the apparatus.
Each box (156 cm long × 34 cm wide × 30 cm high) was subdivided into three distinct
compartments separated by removable walls: two equally sized large chambers (61 × 30 cm)
separated by a smaller intermediate chamber (34 × 30 cm). One of the larger compartments
was painted black with Plexiglas flooring and scented with acetic acid (10% solution,
swabbed 5 cm from the top of the compartment). The other large chamber was painted white
with soft gray bedding covering the floor (Carefresh; Absorption Corp, Ferndale,
Washington, USA) and had no unique odor cues added. The smaller intermediate chamber
was painted gray with wood flooring. Each compartment, therefore, had unique visual,
tactile, and olfactory properties. Situated above each apparatus was a digital camera that
detected and recorded the precise location of the animal in real time via a desktop computer
running Any-Maze software (Stoetling Co, Wood Dale, IL, USA).

2.7 Conditioned Place Test Procedure
Place conditioning consisted of three phases: a baseline trial, eight place conditioning trials,
and a final preference test. For baseline, subjects were placed into the middle gray section of
the apparatus with the interior walls removed and the time spent in each of the three
compartments was then recorded over 15-min. Animals that exhibited strong inherent
preferences or aversions for one or the other side of the apparatus on baseline (i.e., spent ≥
500-sec in either the black or white compartment) were removed from data analysis. The
following day, the dividing walls were reinserted and place conditioning began. Each rat
received an i.p. injection of either 0.5 mg/kg/ml cis-flupenthixol or saline vehicle 3-h prior
to each of the eight conditioning trials. This dose was identified in the prior locomotor
activity test as reliably reducing cocaine-induced activity without inducing immobility or
sedation. Trials consisted of an i.v. injection of either saline-vehicle or cocaine (1.0 mg/kg)
and placement into either the white or black compartment for 5-mins. On the following day,
each rat received the alternate treatment (cocaine or saline) and was placed in the alternate
colored environment. Thus, at the conclusion of conditioning, each subject had experienced
four cocaine pairings with one environment and four saline pairings with the alternate
environment. Animals were placed into the conditioning chamber either immediately after
injection (the “reward” groups) or 15-min post-injection (the delayed “aversion” groups).
An “unbiased” experimental design was employed (see Carr et al., 1988) in that the order of
i.v. injection (receiving either vehicle or cocaine on the first conditioning trial) and the drug-
paired compartment (either black or white) were counterbalanced within each group. 48-h
after the 8th conditioning trial, a final 15-min place preference test was conducted exactly as
described for baseline. This two-day period between the completion of place conditioning
and the final test day allowed for cis-flupenthixol levels to dissipate so that both baseline
and test day trials were conducted when animals were in a non-drugged state.

By way of summary, the procedures described above yielded four groups of animals: rats
that were pretreated with cis-flupenthixol i.p. prior to each conditioning trial and then placed
into a distinctive environment immediately following each i.v. injection of cocaine or
vehicle (n=16) or 15-min following each injection (n=13); and rats that were pretreated with
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saline-vehicle i.p. and underwent place conditioning for either the immediate (n=21) or
delayed (n=14) effects of cocaine. CPPs and CPAs were identified as statistically reliable
shifts in the time spent on the cocaine-paired side of the apparatus after conditioning relative
to the time spent in the same environment prior to conditioning. This was determined by the
calculation of “differences scores” in which average time a rat spent in the cocaine-paired
compartment on baseline was subtracted from the time spent there on test day (e.g.,
(Ettenberg et al. 1999; Ettenberg and Bernardi, 2007; Knackstedt et al. 2002). Thus, positive
scores indicate that animals spent more time in the drug-paired environment after
conditioning (i.e., they developed a CPP), while negative scores indicate an avoidance of the
drug-paired side following conditioning trials (i.e., the development of a CPA).

3. Results
3.1 Locomotor Activity

Figure 1 illustrates the mean (+SEM) locomotor activity (expressed as cm traveled during
each 5-min interval) of the four cis-flupenthixol pretreatment groups during behavioral
testing. The “baseline” data point at the far left of the figure reflects the activity level of
each group during last 5-min of the habituation session and the line-graph on the right side
of the figure depicts each group’s activity during the 60-min following cocaine
administration. The habituation session was intended to reduce exploratory and spontaneous
activity of the subjects to low levels so that the psychomotor stimulant effects of cocaine
could be readily identified during the second hour of testing. Indeed, by the end of the 60-
min of habituation, activity levels were low for all four groups and while the vehicle-treated
animals appear to have remained more active than the antagonist-treated animals, the
differences in group performance were not statistically reliable (one-way independent group
ANOVA on “baseline” scores; F(3,20) = 2.62, p=0.084).

A two-factor (Group x Time) analysis of variance (ANOVA) was computed on the data
from the final 60-min of testing. The ANOVA confirmed that all subjects decreased their
activity levels over the course of the test session (main effect of “Time”; F(11,187)=12.640,
p<.001] and that the patterns of decreased responding were comparable across groups (i.e.,
there was no statistically significant Group x Time interaction). The ANOVA also revealed
that cis-flupenthixol pretreatment dose-dependently reduced cocaine-induced activity (main
effect of Group; F(3,17)=6.760, p=.004). Post-hoc Tukey analyses confirmed that those
animals pretreated with either 0.25 mg/kg or 0.5 mg/kg cis-flupenthixol were significantly
less active than vehicle controls (p < 0.002 in both cases). It should be noted, however, that
no dose of antagonist induced immobility in treated animals. Indeed, all four groups
demonstrated increases in their activity levels from baseline following cocaine
administration with the magnitude of those increases inversely related to the dose of cis-
flupenthixol pretreatment. Even animals treated with the high 0.5 mg/kg dose of antagonist
increased their locomotor activity following cocaine administration by over 200% (from
baseline), traveled over 2000 cm during the first 20-min after cocaine administration, and
remained active, albeit at low levels, throughout the test session.

3.2 Conditioned Place Testing
Prior to place conditioning, a repeated-measures t-test confirmed that animals did not have a
significant preference for either of the two test environments during baseline (p>.05). Mean
(+SEM) Difference Scores (Test-Baseline) are depicted for all four treatment groups in
Figure 2. A one-way independent-groups ANOVA computed on those data revealed a
significant difference between groups [F(3,63)=6.515, p=.001]. In order to determine if there
was a significant mean shift from baseline either toward (preference) or away from
(aversion) the cocaine-paired side, directional one-tailed single sample t-tests were used to
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compare difference scores to zero (a value that would indicate no shift from baseline). As
expected, vehicle pre-treated “immediate” group animals exhibited a statistically significant
shift toward the cocaine-paired environment on test day relative to baseline [i.e., their
difference score was reliably greater than zero; t(20)=1.788, p<.05], while vehicle pre-
treated “delayed” group animals spent less time in the cocaine-paired side on test day
following conditioning [t(13)=−3.799, p<.002]. Thus, vehicle-pretreated animals developed
CPPs for an environment paired with the immediate effects of cocaine, and CPAs for an
environment paired with the delayed effects of the drug. Pretreatment with 0.5 mg/kg i.p.
cis-flupenthixol prevented the development of CPPs for the immediate effects of i.v. cocaine
(p>.05) but had no effect on the negative properties of the drug; i.e., cis-flupenthixol
administration did not attenuate the development of CPAs in the delayed-cocaine group
[t(12)=−2.514, p<.02].

4. Discussion
In the current study, animals developed conditioned preferences for environments paired
with the immediate effects of i.v. cocaine and aversions for environments paired with the
effects of the drug present 15 min after i.v. injection. These findings confirm the results of
previous reports (e.g., Ettenberg et al., 1999; Knackstedt et al., 2002; Ettenberg and
Bernardi, 2007; Jhou et al., 2013, Su et al., 2013) and suggest that acute cocaine
administration produces diametrically opposite and temporally displaced affective actions –
i.e., an initial positive/rewarding “high” followed in time by an aversive/anxiogenic “crash”
(e.g., Ettenberg, 2004). The notion that a single injection of cocaine can produce both
positive and negative reactions corresponds closely to Solomon and Corbit’s Opponent
Process Theory of Motivation (1974), which posits that the initial state produced by an
affective stimulus (designated as the “a” process) is offset by a subsequent and opposing “b”
process that functionally returns the animal to affective homeostasis. Solomon and Corbit
further hypothesized that the opponent “a” and “b” processes were each mediated by
separate neuronal systems. This position is also supported by the current results in that post-
synaptic DA receptor antagonism interfered with the initial positive effects of cocaine, while
leaving the negative effects unaltered. Thus, while others have similarly reported that the
D1/D2 receptor antagonist, cis-flupenthixol can block cocaine-induced CPPs (e.g.,
Veeneman et al., 2011), the current results extend these findings by demonstrating that the
same antagonist treatment had no effect on the development of the CPAs stemming from the
delayed aversive/anxiogenic effects of the drug. Our results are therefore consistent with
those of Isaac et al. (1989) who demonstrated that lesions of the dopamine terminals in the
prefrontal cortex disrupted cocaine-induced conditioned place preferences but had no effect
on the drug’s capacity to produce conditioned taste aversions.

The demonstration of a learned place preference or aversion necessarily requires that the
animal is capable of both learning the drug-place association and retrieving that information
on test day. Since dopamine antagonism has been shown to impair the acquisition of
conditioned behaviors (e.g., El Ghundi et al., 2007; Legault et al., 2006; Wishaw and
Dunnett, 1985) one might suggest that the current cis-flupenthixol effects on CPPs stem not
from a decrease in cocaine-reward, but rather from an impairment in the animals’ capacity to
form the drug-place associations. While one cannot rule out this possibility, such an
explanation seems unlikely. The fact that CPPs were attenuated by cis-flupenthixol while
CPAs remained unaffected, clearly indicates that the drug did not produce a general
disruption in the subjects’ ability to form drug-place associations.

Decreased dopaminergic function achieved through post-synaptic receptor blockade has
long been associated not only with deficits in cocaine reward but also with deficits in
motoric capacity (Ahlenius et al., 1987; Baldo et al., 1999; Chan and Webster, 1971; Delfs
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et al., 1990). Indeed, several investigators have suggested that a drug’s capacity to enhance
locomotor activity serves as a predictor of, or is associated with, the reinforcing actions of
the drug (e.g. Almaric and Koob, 1993; Gold et al., 1989; Uhl et al., 2002; Wise, 2005). In
the current study we intentionally selected a DA antagonist (cis-flupenthixol) that had been
shown to reverse the locomotor response to cocaine (e.g., Ahlenius et al., 1987), as well as
prevent the development of CPPs (Veeneman et al, 2011) and attenuate cocaine reward in an
i.v. self-administration paradigm (Negus et al., 1996; Ettenberg et al., 1982). We then
identified a dose of cis-flupenthixol that greatly attenuated the psychomotor stimulant
effects of cocaine (Fig 1) with the expectation that it would also attenuate cocaine-induced
CPPs (as confirmed in Fig 2). The primary question here was whether or not the same dose
of antagonist that altered indices of cocaine reward, would similarly affect the aversive/
anxiogenic effects of the drug as measured by CPAs (which, of course, it did not). Note that
while treatment with the 0.5 mg/kg dose of cis-flupenthixol prevented the psychomotor
stimulant response to cocaine, all treated animals continued to exhibit motor activity
throughout the one-hour test session. Therefore, all rats maintained their ability to interact
with and explore their environment during conditioning trials. Further, during both baseline
and test day trials, when the kinetic demands of the task were much higher, the animals were
tested undrugged.

The decision to employ an i.p. route of cocaine administration in the locomotor activity test
and an i.v. route in the place-conditioning work was based on several factors. While both i.p.
and i.v. cocaine administration result in different onsets of action and durations of drug
effects (Booze et al., 1997), both routes of administration have been shown to produce
comparable effects on locomotor behavior (Porrino,1993). Indeed, Porrino (1993) reported
that the similarities in locomotor response to both i.p. and i.v. cocaine stem from the ability
of either route of administration to produce similar levels of activation in motor-related brain
structures (i.e. the substantia nigra), as measured by 2-[14C] deoxyglucose utilization. In
contrast, when reward-related brain regions within the mesocorticolimbic dopamine system
were examined, Porrino (1993) found that i.v. cocaine had a significantly greater impact on
neuronal activity than i.p. cocaine. Hence while i.p. cocaine was used in the locomotor test,
cocaine was delivered i.v. in the place conditioning procedures based both on the data
discussed above and to maintain comparability with our previous CPP/CPA findings all of
which were conducted with i.v. cocaine.

The current results suggest that while elements of the mesolimbic DA system have been
shown to be responsive to the presentation of aversive stimuli and/or stressful events (e.g.,
Abercrombie et al., 1989; Anstrom and Woodward, 2005; Bassareo et al., 2002; Brischoux
et al., 2009; Mantz et al., 1989), the aversive/anxiogenic effects of cocaine remain intact in
the absence of normal DA signaling. Such results necessarily imply that other mechanisms
are involved in mediating these “negative” actions of the drug. Several possibilities,
functioning either alone or in combination, are suggested by the existing literature. For
example, cocaine alters benzodiazepine binding in rat brain (Goeders et al., 1997; Keys and
Ellison, 1999; Suzuki et al., 2000) and stimulates the release of the stress hormones
corticosterone, ACTH, and corticotropin-releasing factor (Borowsky and Kuhn, 1991;
Goeders, 2002a, 2002b; Rivier and Vale, 1987; Sarnyai et al., 1995, 2001;Sholar et al.,
1998) any one or combination of which could conceivably account for the anxiogenic state
produced by the drug. Cocaine is also a potent reuptake inhibitor at the serotonergic (5-
hydroxytryptamine; 5-HT) transporter (Filip et al., 2005; Koe, 1976; Ritz et al., 1990) and
while manipulations of 5-HT systems have at times produced contradictory and inconclusive
results in behavioral tests of anxiety (e.g., Handley et al., 1993) there is a growing literature
implicating 5-HT neurons emanating from the dorsal raphé nucleus in the behavioral
response to a variety of stressors and anxiogenic drugs (e.g., Abrams et al., 2005; Chaouloff,
2000; Reuter and Jacobs, 1996; Rex et al., 2005; Sena et al., 2003). Indeed, we have
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previously reported that interfering with 5-HT function via lesion or pharmacological
manipulations reduced the aversive response to cocaine while leaving the positive/rewarding
effects intact (e.g., Ettenberg and Bernardi, 2006; 2007; Ettenberg et al., 2011). Such results
nicely compliment those observed here and suggest a role for 5-HT signaling in the
anxiogenic actions of cocaine.

Cocaine also inhibits the norepinephrine (NE) transporter (Raitera et al., 1977; Ritz et al.,
1990) and, like 5-HT, enhanced NE neuronal activity has been associated with increases in
the behavioral responses to stressful and/or anxiogenic stimuli (Bremner ta al., 1996; Itoi
and Sugimoto, 2010). A potential role for NE in the mediation of cocaine’s anxiogenic
effects is supported by the finding that NE receptor antagonism within subregions of the
extended amygdala reduce the effectiveness of stress to reinstate cocaine-seeking after a
period of drug abstinence (e.g., Leri et al., 2002). Additionally, data from our laboratory
have shown that NE beta-receptor antagonism within the bed nucleus of the stria terminalis
or the central nucleus of the amygdala (both constituent parts of the extended amygdala)
dose-dependently attenuates the approach-avoidance conflict behavior observed in rats
running an alley for i.v. cocaine (Wenzel et al., 2011a) and prevents the development of
cocaine-induced CPAs (Wenzel et al., 2012). Such findings implicate NE signaling,
especially within the extended amygdala, as important for the expression of cocaine’s
anxiogenic actions. Recent work suggests that structures within the extended amygdala
project to a lateral habenula (LHb) – VTA neuronal circuit that Jhou and colleagues have
also implicated in the delayed anxiogenic actions of cocaine (Jhou et al., 2009; 2013). Thus,
like all other psychoactive drugs, cocaine produces a multitude of actions that influence a
wide variety of neuronal systems thought to be involved in stress, anxiety, motivation and
reward. Additional research will therefore be needed to more clearly elucidate the
contributions of the various endocrine and neurochemical mechanisms in the positive and
negative actions of cocaine that ultimately interact to motivate organism’s to seek and ingest
the drug.
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Highlights

• Cocaine administration produces immediate/positive and delayed/negative
effects.

• Rats develop preferences for environments paired with cocaine’s immediate
effects.

• Rats develop aversions for environments paired with the delayed effects of
cocaine.

• Dopamine antagonism blocks cocaine-induced conditioned place preferences

• Dopamine antagonism does not affect cocaine-induced conditioned place
aversions
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Fig. 1.
Mean (+SEM) distance travelled in cm for each group during the last 5-min of a 1-h
habituation session (designated as “baseline” on the far left of the graph) and during the 60-
min immediately following i.p. injection of cocaine (15 mg/kg). All animals were pretreated
with one of four doses of the DA antagonist cis-flupenthixol (0.0, 0.125, 0.25, or 0.5 mg/kg/
ml) 2-h prior to habituation and 3-h hours prior to cocaine administration.
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Fig. 2.
Mean (+SEM) difference scores for animals conditioned to associate a unique environment
with either the immediate/positive effects of i.v. cocaine (Immediate) or the delayed/
negative effects of the drug present 15-min after injection (Delayed). Difference scores were
computed as amount of time spent in the cocaine-paired environment on test day minus the
time spent in that same compartment on baseline. Prior to each conditioning trial, each rat
was pretreated with either 0.5 mg/kg i.p. cis-flupenthixol (right panel) or saline vehicle (left
panel). Asterisks indicate that a group’s difference score was significantly different from
zero. *p<.05; ** p<.02; ***p<.002.
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