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Abstract
Conditioned place preference and locomotor sensitization are rodent behavioral models commonly
used to investigate the actions of drugs of abuse. However, few studies have examined both paradigms
in the same group of animals. We were interested in developing a combined protocol which
successfully induced both conditioned place preference and sensitization simultaneously in cocaine-
treated Sprague Dawley rats in order to test the hypothesis that the magnitude of these two phenomena
would be positively correlated. We used an open-field with a removable place preference insert to
assess these measures independently. Cocaine-conditioned animals demonstrated a significant shift
in preference for the drug-paired compartment and a sensitized locomotor response which was not
observed in saline-conditioned animals challenged with cocaine. There was no significant
relationship between locomotor sensitization and conditioned place preference in individual animals.
We further examined these results with respect to each rats’ initial response to cocaine, response to
a novel environment and central zone entries in an open-field. Locomotor sensitization demonstrated
an inverse correlation with the initial cocaine response. In contrast, conditioned place preference
demonstrated an inverse correlation with the centre response. These results demonstrate that the
combination of the acute cocaine response and the centre response in a novel open field environment
can be used to indicate the propensity of a given rat to exhibit either behavioral sensitization or
conditioned place preference; however, it seems that sensitization and place preference are not
necessarily co-expressed to a similar extent in the same individual animal.
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1. Introduction
Addiction can be defined as a behavioral syndrome, characterized by compulsive drug seeking
with repeated relapses into drug use (Spanagel and Heilig, 2005). In order to understand the
underlying neurobiological mechanisms, preclinical animal models have been developed and
are increasingly utilized by a wide range of biomedical investigators in the study of addiction.
For example, it has been noted “While measures of the reinforcing effects of drugs utilizing
the drug self-administration paradigm are used by many as indicators of the development of
addiction, even more prevalent in the literature are measures of sensitization and conditioned
place preference” (Winger et al., 2005). Sensitization (or reverse tolerance) is a progressively
enhanced behavioral response following the repeated administration of many drugs of abuse,
including amphetamines, cocaine, opiates, ethanol and nicotine (Robinson and Berridge,
2003). Behavioral sensitization to psychostimulants can be attributed not only to a direct
pharmacological action of the drug but also to learned associations with the drug experience
(Pierce and Kalivas, 1997). It has been suggested that behavioral sensitization could be
involved in the development and maintenance of drug addiction (Tzschentke and Schmidt,
2000) through enhanced incentive salience (Robinson and Berridge, 1993).

Previously sensitized animals exhibit significantly enhanced conditioned place preference
(CPP) relative to control animals (Lett, 1989; Shippenberg and Heidbreder, 1995; Simpson
and Riley, 2005). Place conditioning typically involves repeatedly pairing a compartment with
a specific stimulus while pairing a separate distinct compartment with a neutral stimulus. On
the test day, the animal is allowed free access to both compartments in the absence of these
stimuli. Increased time spent in the paired compartment indicates a preference for the specific
stimulus whereas a decrease in time spent indicates that an aversion (conditioned place
aversion) has been induced. Psychostimulants (amphetamine, cocaine), opiates (heroin,
morphine), ethanol, nicotine, LSD, caffeine and natural reinforcers (food, novel environment,
male/female interaction) all can induce CPP (Tzschentke, 1998, 2007) The use of this method
of measuring drug reward has increased significantly, with the number of articles published
between 1957 and 1991 (330; Schecter and Calcagnetti, 1993) being equaled in the five-year
period following 1991 (Schecter and Calcagnetti, 1998) and is steadily increasing (Tzschentke,
2007). Particularly noteworthy is the rapid increase in the number of reports which utilize an
extinction/reinstatement design, based on similar experiments using the self-administration
approach (Tzschentke, 2007).

Several recent studies examining gene expression or receptor signaling following exposure to
drugs of abuse have investigated CPP and sensitization in separate groups of animals (Ferguson
et al., 2006; Valjent et al., 2006; Ogawa et al., 2007; Schroeder et al., 2007). In contrast, few
studies have investigated CPP and sensitization in a single group of animals, and mostly they
rely on the data from the conditioning trials to quantify the sensitization effect (Cunningham
and Noble, 1992; Shimosato and Ohkuda, 2000; Cunningham et al., 2002; Orsini et al.,
2005). The obvious advantages of these combined studies over reports examining both
phenomena separately include that they are less time consuming and require reduced number
of animals. However, utilizing the conditioning trials to assess the locomotor response can
result in the measurement of conditioned responses (not sensitization; Martin-Iverson and
Reimer, 1996) or even a failure to detect sensitization at all (O’Dell et al., 1996). Furthermore,
a significant problem with this approach is that a typical sensitization experiment involves a
drug-free period after which a drug challenge is used to demonstrate the sensitized response.
Indeed, behavioral sensitization is often more robust long after rather than shortly after the
discontinuation of drug treatment (Shuster et al., 1977; Antelman, 1988; Robinson and
Berridge, 2001). Thus it is thought that the most appropriate time to measure changes in neural
function underlying behavioral sensitization is following a drug challenge administered a week
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or more after discontinuing the repeated drug administration regimen (Pierce and Kalivas,
1997).

In light of these concerns, and given the ever-increasing utilization of CPP and behavioral
sensitization assays, we were interested in developing a combined protocol that incorporated
important aspects of both paradigms. There were many reasons why such an approach would
be useful. First, the relationship between conditioned place preference and behavioral
sensitization had not been rigorously examined in individual animals. If a clearly defined
relationship existed, it would help determine whether the expression of these behavioral
measures compete with or are mutually beneficial for each other. For example, a highly
sensitized animal may not perform well in the place preference task due to an inability to attend
to their environment. In this instance, sensitization of the locomotor response would be
expected to compete with the establishment of place preference. Second, the co-expression of
these phenomena in the same individual might help elucidate aspects of reward and drug effects
that would not be evident using each paradigm in separate groups of animals. While many
signaling cascades such as the glutamatergic and dopaminergic systems have been
demonstrated to underlie both CPP (reviewed in Tzschentke, 1998, 2007) and sensitization
(reviewed in Wolf, 1998; Vanderschuren and Kalivas, 2000), there are many other prospective
systems that could also be involved in the acquisition and expression of both these behaviors
(e.g. growth factors, NF-κB). Finally, a combined behavioral approach would permit potential
drug targets and therapies to interact with both conditioned place preference and sensitization
in the same individual, allowing a broader analysis of their actions to be determined in less
time and with fewer subjects.

The main aim of our study was to test the hypothesis that a positive correlation between the
magnitude of sensitization and place preference would be observed in individuals among a
cocaine conditioned population of rats. Thus, correlational analyses were performed to
determine whether the sensitized response of a given rat to cocaine could predict its
performance in the conditioned place preference task. These results were further analyzed in
terms of individual differences in the acute response to cocaine administration (cocaine
response), in the locomotor response to a novel environment (novelty response) and to an
enclosed open field environment (centre response). These parameters were chosen because
they have been prominently featured in previous reports of individual differences in responding
to drugs of abuse (Piazza et al., 1989; Hooks et al., 1991; Carey and Gui, 1997; Sabeti et al.,
2003).

2. Results
This study was done in five cohorts. The first CC15 group showed a consistent sensitization
and conditioned place preference and this dose and protocol was used in additional studies
involving pharmacological modulators of both behaviours. Thus the extra CC15 cohorts were
“control” groups for these other parallel studies. We included these groups to increase the
power of our correlational analysis of the various responder subgroups and the co-expression
of sensitization and CPP.

Conditioned Place Preference
The CPP data collected in this study was analyzed as 10, 15, 20 and 30 min time bins to see if
an optimum time period for this combined approach could be ascertained. The data presented
here is from the first 15 min as this was the optimum time period for all three cocaine doses.
Two-way ANOVA analysis of the time-spent in the drug-paired compartment did not indicate
a significant treatment dose effect (F[3,67]=1.07; p=0.368), however, there was a significant
effect of test (F[1,67]=24.66, p<0.001) and a significant interaction between treatment and test
(F[3,67]=4.44, p=0.007; Fig. 1a). Post-hoc analysis indicated a significant difference between
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the pre-test and CPP test days (p<0.001, Holm-Sidak post-test), in particular for each of the
cocaine doses (Sal: p=0.885, CC10: p=0.009, CC15: p<0.001, CC20: p=0.012). Furthermore,
while there was no significant differences between the treatment groups on the pre-test day,
all three cocaine doses were significantly different from the saline-conditioned animals on the
CPP test day (CC10: p=0.006, CC15: 0.006, CC20: p=0.047) but not from each other (p>0.05).
CPP data may also be analyzed by examining the change/shift in preference for the drug-paired
compartment when comparing the CPP test to the pre-test session. A significant shift in
preference for the drug-paired compartment was observed for the cocaine conditioned animals
when compared to the vehicle control animals (Fig. 1b; F[3,67]=4.44, p=0.007, one-way
ANOVA) with all three cocaine doses significantly different from vehicle control (CC10:
p=0.0228, CC15: p=0.00181, CC20: p=0.0349; Holm-Sidak post-test).

On the conditioning days (Protocol days 3–6), cocaine injected animals were significantly more
active than saline injected animals. Statistical analysis by two-way Repeated Measures
ANOVA indicated significant effects of treatment (F[3,469]=15.58; p<0.001), session (F
[7,469]=42.06; p<0.001) and the interaction between treatment and session (F[21,469]=8.90;
p<0.001). The activity of vehicle-treated animals was significantly different from their cocaine-
treated counterparts during drug/vehicle-paired sessions on day three (10 mg/kg: p=0.023, 15
mg/kg: p=0.020, 20 mg/kg: p=0.026), day four (all: p<0.001), day five (all: p<0.001) and day
six (all: p<0.001, Holm-Sidak post-hoc analysis, Fig 2a). However, during the saline-paired
sessions, all treatment groups displayed similar activity (p>0.05 for all four days, Fig 2b). In
addition, cocaine conditioned animals were significantly more active during their drug-paired
sessions compared to their saline-paired sessions on day three (10 mg/kg: p=0.007, 15 mg/kg:
p=0.004), day four (all: p<0.001), day five (all: p<0.001) and day six (all: p<0.001). Saline
conditioned animals did not differ significantly in their activity during their drug/vehicle-paired
or saline-paired sessions (p>0.05 for all four days). The activity of cocaine conditioned animals
was significantly increased on days 4 (10 mg/kg: p=0.046, 15 mg/kg: p<0.001, 20 mg/kg:
p=0.005), 5 (10 mg/kg: p=0.003, 15 mg/kg: p<0.001, 20 mg/kg: p<0.001) and 6 (15 mg/kg:
p<0.001, 20 mg/kg: p=0.005) compared to day 3. No other drug-paired combinations were
significant.

Behavioral Sensitization
Prior to drug administration in the activity session (Protocol day 2), no difference in the level
of activity of the saline or cocaine treatment groups was observed during the 30 min baseline
session (Treatment: F[1,138]=0.15, p=0.704, Two-way Repeated Measures ANOVA, Fig. 3a).
Both treatment groups showed an initial hyperactivity which significantly decreased over the
30 min (Time: F[2,138]=562.56; p<0.001). Following administration of cocaine (10 mg/kg)
or saline, there was a significant effect of treatment (F[1,345]=29.32; p<0.001), time (F[5,345]
=28.843; p<0.001) and a treatment × time interaction (F[5,345]=8.85; p<0.001), with
significant differences between the two treatment groups at all time bins

During the challenge session (Protocol day 13), a subset of the original saline treated animals
were challenged with cocaine. There was once again no difference between the treatment
groups pre-injection (Treatment: F[4,132]=0.69; p=0.601) and a significant reduction in
activity over the 30 min session (Time: F[2,132]=348.35; p<0.001, Fig 3b–d). There were
significant effects of treatment (F[4,330]=8.22; p<0.001), time (F[5,330]=56.53; p<0.001) and
a treatment × time interaction (F[20,335]=4.59; p<0.001) following a challenge injection of
cocaine (10 mg/kg) or saline when all groups were compared. All cocaine challenged groups
were significantly more active than the SS group (SC: p=0.0142; CC10: p<0.001, Fig 3b; CC15:
p<0.001, Fig 3c; CC20: p=0.00175, Fig 3d), in particular over the first 40 min (50 min for the
CC15 group). Compared to the SC group, the CC15 treatment group were significantly more
active over the first 30 min (10 min: p=0.003, 20 min: p<0.001, 30 min: p=0.020) while the
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CC10 group were more active over the first 20 min (10 min: p=0.007; 20 min: p=0.008); no
other cocaine group comparisons were significant.

The cocaine challenged treatment groups displayed significant increases in activity during the
challenge session compared to the activity session following i.p. injection (SS: F[1,225]=2.92;
p=0.094, SC: F[1,190]=24.66; p<0.001, CC10: F[1,240]=8.252; p=0.006, CC15: F[1,320]
=20.17; p<0.001, CC20: F[1,250]=4.10; p=0.048). The activity of the SC group during their
challenge session was not significantly different from that of the cocaine-treated group during
the activity session (F[1,255]=1.18; p=0.283), indicating that the additional handling and
injection procedure involved in this combined conditioning/sensitization protocol did not in
itself induce an increased sensitivity to cocaine.

Correlations between cocaine, novelty and centre responses with sensitization and CPP
Since the 15 mg/kg cocaine conditioned group demonstrated a consistent shift in preference
across the time bins and a significant sensitization in particular against the SC group, we
decided to use this group for our correlation analysis. Table 1 illustrates the mean values for
the low and high responder groups depicted in Figure 4 and Figure 5. A significant inverse
correlation was observed between initial cocaine response (CR) and sensitization score (R=
−0.474, p=0.0192; Pearson Correlation, Fig 4a). Division into low (LCR) and high (HCR)
cocaine responders was done by splitting the group into three, taking the bottom third as LCR
and the top third as HCR. The LCR group had a trend for greater sensitization scores compared
to the HCR group, however, due to the large variability in the HCR group this was not
significant (p=0.124; Student's t-test, Fig 4b). There was no significant correlation between
novelty response and sensitization score (R=0.178, p=0.407; Fig 4c) and division into low
(LNR) and high (HNR) responder groups did not yield any significant differences between the
two groups (p=0.525, Fig 4d). Also, no significant correlation was detected between the centre
response (CtR) and the sensitization score (R=0.211, p=0323; Fig 4e) and no significant
differences were found after division into low (LCtR) and high (HCtR) responder groups
(p=0.564, Fig 4f). Using a median split for these groups such as is employed by Sabeti et al.,
2003 we still observed the same trends (data not shown).

We decided to use the CPP shift in preference value for the 0–15 min time bin as the CPP score
in these analyses. In contrast to the relationship with sensitization score, there was no
significant correlation or trend between the CPP score and CR (R=0.160, p=0.454, Fig. 5a)
and further divisions into LCR and HCR subgroups did not produce any significant results
(p=0.756, Fig. 5b). There was no significant correlation between novelty response and CPP
score (R=0.109, p=0.611, Fig. 5c); and division into LNR and HNR subgroups did not yield
any significant difference (p=0.593, Fig 5d). However, there was significant inverse
relationship between CPP and the centre response (R=−0.493, p=0.0143, Fig 5e) and the LCtR
group had significantly higher CPP scores than the HCtR group (p=0.015, Fig 5f).

Correlation between CPP and behavioral sensitization
In contrast with our initial expectations, we did not find a significant relationship between
sensitization score and CPP score (R=−0.0233, p=0.914, Fig. 6a). This did not change
depending on the time bin examined (10 min: R=−0.157, p=0.464; 20 min: R=−0.0964,
p=0.654; 30 min: R=0.114, p=0.596; data not shown). Furthermore, neither the 10 mg/kg (R=
−0.217, p=0.548, Fig. 6b) nor the 20 mg/kg (R=−0.177, p=0.625, Fig. 6c) cocaine conditioned
group demonstrated a significant correlation between sensitization score and CPP score. Thus,
an individual animal’s response in one of these measures was not consistently indicative of its
response in the other. A criticism of correlational analysis is the lack of consideration for the
correlation in the control group (Quertemont et al., 2004). All correlations described here were

Seymour and Wagner Page 5

Brain Res. Author manuscript; available in PMC 2009 June 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



examined within the saline (SS) group and no significant correlations were observed (data not
shown).

3. Discussion
In the current study, we have described an effective methodology for the study of the behavioral
actions of cocaine involving the simultaneous induction of conditioned place preference and
behavioral sensitization. This approach has resulted in the unexpected finding that performance
in one measure is not suggestive of performance observed in the other for an individual animal.
Both sensitization of the locomotor response and the place preference response following
repetitive, intermittent conditioning with cocaine have been suggested to reflect behavioral
changes that can be related to the addictive properties of the drug (Bardo et al., 1995; Robinson
and Berridge, 1993, 2003). The observation here that a given individual rat may exhibit strong
sensitization without concomitant place preference (and vice versa) indicates that at a
minimum, both behavioral measures cannot be used independently as indicators of the
neuroadaptations that underlie the state of addiction.

While behavioral sensitization can be successfully induced in a group of animals, on an
individual basis the results can vary enormously (Segal and Kuczenski, 1987; Mayfield et al.,
1992; Pierce et al., 1996) as can the susceptibility to the drug itself (Piazza and Le Moal,
1996). Often groups of animals are examined with respect to their acute locomotor response
to the drug in order to investigate individual differences. In agreement with other studies
(Sabeti et al., 2003), we have demonstrated a significant inverse correlation between
sensitization and initial cocaine response, with low cocaine responding animals demonstrating,
on average, greater levels of sensitization compared to high cocaine responders. Furthermore,
our use of a sensitization score which is based on the difference between horizontal counts on
the challenge and activity days avoids the criticism of possible “spurious conclusions” derived
from the use of a sensitization score based on the ratio of the horizontal counts on the challenge
and activity day (Quertemont et al., 2004). This inverse correlation between sensitization score
and initial cocaine response may be due to underlying alterations in dopamine transport, since
low and high cocaine responding rats differ in their dopamine uptake (Briegleb et al., 2004)
and clearance (Sabeti et al., 2002, 2003) without changes in the level of cocaine or the number
and affinity of the dopamine transporter (Gulley et al., 2003).

Another method to distinguish individual differences is to assess the initial locomotor response
to a novel environment (Gong et al., 1996; Brabant et al., 2005). While novelty response has
been demonstrated to be a predictor of sensitization to amphetamine and cocaine (Piazza et al.,
1989; Hooks et al., 1991), morphine (Kalinichev et al., 2004) and methylphenidate (Wooters
et al., 2006), we found no differences between our low and high responder rats or a significant
correlation between novelty response and sensitization. Similarly, other groups have reported
that cocaine sensitization effects were not reliably correlated with an animal’s initial locomotor
activity level when the environment was novel (Carey et al., 2003; Sabeti et al., 2003) and
locomotor responses to novelty did not significantly correlate with acute response to cocaine
or the rate of the development of behavioral sensitization (Djano and Martin-Iverson, 2000).

Since activity in the centre of an enclosed open field is thought to be an indication of anxiety
levels (Ennaceur et al., 2006), “anxious” animals will spend more time in the peripheral zones
and less in the central one (Clement and Chapouthier, 1998). High centre responders may then
be considered to be less anxious than low centre responders. Furthermore, analyzing activity
in terms of central zones activity has been used as a method for identifying cocaine effects
independent from habituation factors (Carey et al., 2005). We did not observe a significant
relationship between the initial centre response on the activity day and sensitization score. This
result suggests that anxiety level is not related to the development of sensitization using our
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approach measuring centre entries. However, it should be noted that if we had used a
sensitization score based on the ratio of the beam breaks on the activity and challenge days, a
significant positive correlation is observed between sensitization score and centre response
(data not shown).

In the case of conditioned place preference, no correlations were apparent with either cocaine
or novelty response. Previous studies have also failed to demonstrate a significant relationship
between cocaine response and CPP (Kosten and Miserendino, 1998; Brabant et al., 2005). A
recent study has demonstrated that division into low and high cocaine responders can predict
the development of CPP to cocaine, but only when administration is by the intravenous and
not intraperitoneal route (Allen et al. 2007). Thus, we may have observed a different
relationship between cocaine response and CPP using an alternative route of cocaine
administration. With respect to novelty response, morphine CPP seems to correlate well (Nadal
et al., 2005; Pelloux et al., 2006), however results with amphetamine and cocaine vary (Erb
and Parker, 1994; Gong et al., 1996; Shimosato and Watanabe, 2003; Pelloux et al., 2004;
Brabant et al., 2005; Dietz et al., 2007). It could be argued that the main conditioning dose of
cocaine (15 mg/kg) used in our correlation analysis was too high to show a significant
relationship with the novelty response, as both Shimosato and Watanabe (2003) and Brabant
et al. (2005) observed a significant correlation between CPP score and novelty response with
low (4/5 mg/kg) but not with high (8/10, 12/20 mg/kg) doses of cocaine in mice. However,
Gong et al. (1996) used three different doses of cocaine (2.5, 5 and 15 mg/kg) and did not find
a difference between low and high novelty responders and their degree of preference in rats.
Under our conditions, which were developed to induce both sensitization and place preference
simultaneously, we similarly found no relationship between novelty response and CPP.

In contrast to our observations with sensitization, conditioned place preference was inversely
correlated with centre response, as low centre responders displayed significantly greater CPP
scores than high centre responders. Cocaine-associated cues were demonstrated to induce
anxiety in the elevated plus-maze, which may inhibit certain behaviors (De Vries and Pert,
1998), and acute administration of cocaine to rats initially classified as non-anxious induces
an anxiogenic-like effect in the elevated plus-maze which was not observed in the anxious
group (Rogerio and Takahashi, 1992). It may be that high centre responders are less likely to
acquire a conditioned place preference due to their heightened anxiety and increasing levels
of hyperactivity during the cocaine conditioning trials. This would then prevent these animals
from developing an association between environmental cues and the rewarding aspects of
cocaine. Thus in contrast to our sensitization results, CPP cannot be correlated with the initial
locomotor response to drug, and furthermore it exhibits an inverse relationship with the centre
response.

While sensitization and conditioned place preference are generally considered separate
phenomena, pre-treated or sensitized animals do show significantly enhanced CPP relative to
control animals (Lett, 1989; Shippenberg and Heidbreder, 1995; Simpson and Riley, 2005).
Interestingly, we have previously shown pre-treatment with cocaine results in enhanced long-
term potentiation (LTP), an affect which could be expected to enhance learned associations
such as those involved in CPP (Thompson et al., 2002). Thus, it was somewhat surprising that
no apparent relationship between performances in both paradigms was evident in the current
study in which sensitization and place preference were induced simultaneously. When
combined with the differences noted above among the cocaine and centre responders, these
observations suggest that individual performance in the sensitization and place preference
behavioral assays cannot both be positively related to performance in a self-administration
paradigm. In rats, there is reasonable agreement between CPP and self-administration when
comparing the ability of each to detect the rewarding effects of drugs (Bardo and Bevins,
2000) and the conditioned place preference paradigm may model cue-elicited conditioning
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which induces drug-taking behavior (Bardo et al., 1995). One criticism of the CPP paradigm
is that while the preference for the drug-paired environment might be thought of as drug
seeking, time in the drug-paired compartment provides no indication of how hard an animal
will work to obtain a drug (Olmstead, 2006). Indeed, CPP and self-administration differ in
their reinstatement of responses by a conditioned fear stimulus (i.e. footshock); possibly
reflecting that each of these paradigms is examining different aspects of behavioral responses
(Sanchez and Sorg, 2001). Therefore, the assumption that extinction/reinstatement studies
using the CPP assay can be employed as a surrogate for the drug self administration assay must
be approached with caution, despite the practical advantages of the former approach (see Bardo
and Bevins, 2000 and Tzschentke, 2007 for discussion).

Regardless of their respective strengths and weaknesses, the behavioral sensitization and place
preference paradigms likely involve the assessment of different components of the
neuroadaptations that are thought to occur in individuals exposed to drugs of abuse. It may
also be that these outcomes (i.e. sensitization or CPP) are linked to either incentive salience or
motivational reward, and perhaps both of these factors can work separately following drug
exposure in a given individual. In this instance, it could be suggested that those having a strong
tendency for responding in both aspects would represent the susceptible fraction, and an overall
relationship between sensitization and CPP among the entire population may not be evident.
Determining the relative importance of these two measures as being predictive of the addictive
state is beyond the scope of our current results. If the testing times for either CPP or sensitization
were changed, a different association might be observed. However, it does seem clear that the
occurrence of either sensitization or conditioned place preference cannot be used to indicate
the presence of the other in a given individual, and therefore both cannot be taken as being
positive predictors of the susceptibility of that individual to drug abuse.

4. Experimental Procedures
Materials

Cocaine hydrochloride and general lab supplies were obtained from Sigma (St. Louis, MO,
USA).

Animal Maintenance
Eighty male Sprague-Dawley rats (Harlan, Indianapolis, IN, USA) were housed in pairs in
clear plastic cages and maintained on a 12 h light/dark cycle (0700/1900 h). Food and water
were available ad libitum except during the behavioral sessions. Animals were allowed to adapt
to the lab conditions for a week before behavioral testing began. Each pair of animals was
randomly assigned to a treatment group. Behavioral sessions were conducted daily between
0900 and 1700 h. These studies were approved by the University of Georgia Institutional
Animal Care and Use Committee and conducted in accordance with the “Guidelines for the
Care and Use of Mammals in Neuroscience and Behavioral Research” (National Research
Council 2003).

Apparatus
The apparatus and measurement of activity have been described in detail elsewhere (Gosnell,
2005). Briefly, activity was measured in four 43.2 × 43.2 cm chambers with clear plastic walls
and a solid smooth floor (Med Associates, St. Albans, VT, USA). The chambers were
individually housed in sound-attenuating cubicles equipped with a house light (approximately
20 lux) and a ventilation fan. Two banks of 16 infrared photobeams and detectors, mounted at
right angles 3.5cm above the floor, detected horizontal activity. Activity Monitor software
(Med Associates) was used to count photobeam breaks. This software subdivides total counts
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into stereotypic and ambulatory counts according to the repetitive (stereotypic) vs. sequential
(ambulatory) patterning of the beam-breaks.

For the conditioned place preference (CPP) experiments, a two compartmental insert (Med
Associates) was used to modify the chamber. The insert was divided into two equal-sized
compartments (42.8 × 21.3 cm) by a black partition that was penetrable by infrared light. The
partition contained a guillotine door which could be removed to allow access to both
compartments or inserted to confine the animal’s movements to one compartment. The
compartments differed in floor type (wire mesh – “grid” vs. steel bars – “rod”) and by ceiling
color (transparent vs. black). The compartment with the rod-floor had no light source (black
ceiling) since preliminary studies indicated that this would give an equal preference between
compartments. The beam heights were adjusted so that they were mounted 3.5cm above the
floor of the insert.

The context in which the initial and challenged activity is measured is similar to the context to
which the CPP is developed. Each rat was assigned a box and received all sessions in the same
activity box, sound attenuating cubicle (thus the lighting and fan were the same) and same
room. The only difference between the initial and challenged activity sessions and the CPP
sessions is the addition of the CPP insert which alters the floor context, the lighting context
and decreases by 50% the amount of floor space available to the animal.

Experimental Design
Animals were concurrently analyzed for conditioned place preference and behavioral
sensitization over a period of thirteen days. In the pre-test session, animals were placed in the
grid-floored compartment and given free access to either compartment of the CPP insert for
30 min (Protocol day 1). Upon completion of the pre-test session, time spent in each
compartment was analyzed to ensure that no animal had a bias for a particular compartment
indicated by spending greater than 65% of the total time in that compartment. For each pair of
animals regardless of treatment, the animal showing the most bias towards one of the
compartments was drug/vehicle-paired with the non-preferred compartments. The second
animal was then drug/vehicle-paired with opposite chamber regardless of its preference in order
to avoid a biased experimental design (thus, in each treatment group, there were an equal
number of animals paired with each compartment; grid vs. rod). Following the pre-test session,
the CPP inserts were removed and the beam heights were lowered to the correct height (3.5)
above floor level. The next day, animals were placed in the centre of the activity chambers for
30 min to establish a baseline activity for each animal (Protocol day 2). Afterwards they were
given an i.p. injection of either 10 mg/kg cocaine (n=42) or saline (n=29) and returned to the
chambers for an additional 60 min of monitoring.

During conditioning sessions (Protocol days 3–6), the CPP inserts were replaced and the beams
were readjusted. The animals were injected i.p. with either cocaine HCl salt
(10n=8/15n=24/20n=10 mg/kg) or 0.9% saline (n=29) and then confined in one of the two
compartments (as determined on the pre-test day) for 15 min. Four hours later the animal was
injected with either cocaine or saline and confined to the opposite compartment. The order of
the injections was rotated daily to prevent the animal developing an association between the
drug and the time of day. Activity during the conditioning sessions was measured to monitor
the development of behavioral sensitization assessed by progressive increases in activity across
the conditioning sessions. The day after the last conditioning session the animals were tested
for a place preference on the first drug-free day (Protocol day 7). Animals were placed in their
saline-paired chamber and allowed free access to both compartments for 30 min during which
the time spent in each was measured. Six days after the place preference test (seven drug-free
days), the animals were challenged with cocaine or saline (Protocol day 13). The animals were
placed in the activity chambers (without the CPP inserts) for 30 min to establish a baseline
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activity. Afterwards they were challenged with an i.p. injection of 10 mg/kg cocaine or saline
and returned to the chambers for an additional 60 min. Thirteen of the original saline treatment
group were challenged with cocaine.

An additional group conditioned with cocaine but challenged with saline is often included in
a sensitization protocol to detect conditioned activity effects induced by the environment which
are separate from drug-induced effects. Our protocol includes a 30 min habituation period
before any drug injections. If there was a significant difference between the treatment groups
during this period that would warrant the inclusion of a cocaine-saline group to discriminate
between drug and environment conditioned activity. However, there was no difference in the
activity levels of any of our groups during the 30 minute period of the challenge day (Fig 3)
and thus the changes in activity following i.p. injection are due to drug-induced effects, not
environmentally conditioned effects.

Statistical Analysis
All statistical analysis was complied using SigmaStat for windows version 3.11 (SPSS Science,
Chicago, IL). Two-way ANOVA was used to analyze the percentage of time spent in the drug-
paired compartment (with two factors: treatment × test), while one-way ANOVA was used to
analyze the shift in preference for the conditioned place preference results; both with Holm-
Sidak post-hoc analysis. Five vehicle (3 SS and 2 SC), two 10 mg/kg and two 15 mg/kg cocaine-
treated animals were removed from the study for having a greater than 65% bias for either
chamber during the pre-test. Conditioning days (treatment × session) and baseline and post-
injection activity (treatment × time) for the behavioral sensitization experiment were analyzed
by two-way Repeated Measures ANOVA followed by Holm-Sidak post-hoc analysis. In the
sensitization study there were five treatment groups: SS animals (n=18) were injected with
saline during the activity, conditioning and challenge sessions, SC animals (n=11) were
administered saline during the activity and conditioning sessions but challenged with cocaine,
and CC animals (further divided into CC10 (n=8), CC15 (n=24) and CC20 (n=10) groups)
which were injected with cocaine during the activity, conditioning and challenge sessions. SS
and SC treatment group results for the activity session were pooled as were the results for the
CC10, CC15 and CC20 groups since there is no difference in drug treatment before this day.
Behavioral sensitization data was analyzed by combining the ambulatory counts and
stereotypic counts to get the total horizontal counts (total number of horizontal beam breaks)
for each animal.

For correlation analysis, the level of activity of each rat during the CPP pre-test (Protocol day
1) was used as a measure of their novelty response (NR). The cocaine response (CR) was based
on the level of activity for each rat during the 30 min following i.p. injection of cocaine in the
activity session (Protocol day 2) while the centre response (CtR) was determined using the
number of entries into the centre zone (approximately one ninth the area of the open field)
during the baseline of the activity session. The sensitization score was defined as the difference
between the cocaine-stimulated locomotor activity during the first 30 min after injection in the
challenge session and the activity session while the shift in preference value (change in time
spent in drug-paired compartment at the CPP test and Pre-test).was used to represent the CPP
score. Correlation analysis was analyzed by Pearson Product Moment Correlation. Differences
were considered statistically significant at p < 0.05.
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Figure 1. Conditioned place preference following repeated administration of cocaine
Cocaine treated animals spent significantly more time in the drug-paired compartment after
conditioning than their control counterparts. (a) Cocaine conditioned animals spent
significantly more time in the drug-paired compartment on the CPP test day compared to the
saline-conditioned animals (denoted by an asterisk) and also to the pretest day (denoted by a
hash). (b) A significant shift in the preference of the cocaine treated animals was observed
following conditioning compared to saline-treated animals (denoted by an asterisk). The shift
in preference represents change in time spent in drug-paired compartment at the CPP test and
Pre-test (sec). Data are expressed as mean ± SEM with n=29 (Veh), n= 8 (Coc 10 mg/kg), n=24
(Coc 15 mg/kg) and n=10 (Coc 20 mg/kg). Statistical significance was determined with p<0.05.
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Figure 2. Total photocell counts after injection of saline or cocaine on conditioning days
Animals were conditioned with either 10 (triangles), 15 (squares) or 20 (diamonds) mg/kg i.p.
cocaine or with vehicle (open circles). (a) Cocaine-conditioned animals are significantly more
active on drug-paired sessions compared to saline controls. (b) There is no significant
difference between any of the groups during the vehicle-paired sessions. Data represent mean
± SEM and statistical significance with p<0.05 is represented by an asterisk for drug/vehicle-
paired vs. saline paired, a hash for cocaine vs. saline treatment and a cross for specific day
differences compared to Day 3. n=29 (Veh), n= 8 (Coc 10 mg/kg), n=24 (Coc 15 mg/kg) and
n=10 (Coc 20 mg/kg)
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Figure 3. Locomotor sensitization to cocaine following repeated administration
Graphs illustrate the total horizontal counts 30 min prior to and 60 min after an i.p. injection
of 10 mg/kg cocaine or saline in 10 min bins. Panel (a) depicts total horizontal counts before
and following i.p. injection on the activity day. n= 29 (Veh), n= 42 (Coc). Panels (b–d) depict
total horizontal counts before and following i.p. injection on the challenge day. Eleven of the
saline-conditioned group received cocaine instead of saline (grey circles). The total horizontal
counts for the (b) 10 mg/kg, (c) 15 mg/kg and (d) 20 mg/kg cocaine-conditioned groups are
shown with respect to the saline-conditioned group. Significant differences by Holm-Sidak
post-hoc test (p<0.05) are indicated by an asterisk (SS vs. CC), by a hash (SC vs. CC), by a
cross (SS vs. SC) and by a dollar sign (activity day vs. challenge day). n=18 (SS), n=11 (SC),
n=8 (CC10), n=24 (CC15) and n=10 (CC20).
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Figure 4. Relationship between behavioral sensitization and cocaine, novelty or centre response in
cocaine-treated animals
A significant inverse correlation was observed between the sensitization score and the initial
cocaine response (a) and the average sensitization score for the low cocaine responders
significantly greater than the high cocaine responders (b). No relationship was determined
between sensitization score and novelty response (c) and there was no difference between low
and high novelty responders in their average sensitization scores (d). Similarly, no significant
correlation was detected between the sensitization score and the centre response (e), and there
was no significant difference between low and high centre responders in their average
sensitization scores (f). Statistical significance is indicated by an asterisk with p<0.05.
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Figure 5. Relationship between conditioned place preference and either cocaine or novelty response
in cocaine-treated animals
No significant correlations were observed between the CPP score and the initial cocaine
response (a) or novelty response (c). The average CPP score for the cocaine responders (b) or
the novelty responders (d) did not show any difference between their responder groups.
However, there was a significant inverse relationship detected between the CPP score and the
centre response (e), with the average CPP score for the low centre responders significantly
higher than the high centre responders (f). Statistical significance is indicated by an asterisk
with p<0.05.
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Figure 6. Lack of relationship between behavioral sensitization and conditioned place preference
The sensitization score of each 15 mg/kg cocaine-conditioned animal was plotted against its’
CPP score (a). Furthermore, there was no significant correlation between sensitization and
conditioned place preference in animals conditioned with 10 (b) and 20 (c) mg/kg cocaine.
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Table 1
Determination of responder groups by thirds split

Median Low High
Cocaine (cm) 2289 885 ± 150 5906 ± 789
Novelty (cm) 3884 3088 ± 117 4633 ± 128
Centre (entries) 63 39 ± 5 97 ± 8
Data for low and high responders is represented as mean ± SEM (cm or entries).
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