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Pavlovian conditioned approach behavior can be directed as much toward discrete cues as it is toward the environmental

contexts in which those cues are encountered. The current experiments characterized a tendency of rats to approach object

cues whose prior exposure had been paired with reward (conditioned object preference, COP). To demonstrate the phe-

nomenon, rats were conditioned to associate cocaine or saline with two different objects. Rats acquired a preference, as-

sessed using investigation times directed toward each object, for the cocaine-paired object following conditioning.

Furthermore, high levels of object investigation during cocaine conditioning predicted stronger preferences for the

cocaine-paired object in the test phase. Conditioned approach diminished across extinction but was reinstated through a

priming injection of cocaine. To determine whether preferences are affected by reward value, rats were conditioned

using three objects paired with 0, 5, or 20 mg/kg of cocaine. This produced object preferences in the post-test that

scaled with cocaine dose used for conditioning. Finally, we explored whether contextual cues modulate expression of

COP by testing rats for renewal of cocaine seeking. When conditioning was conducted in one context and extinction train-

ing in a second context, COP was renewed when the rats were retested in the original context. Thus, conditioned object

preferences are readily acquired, easily measured, and amenable to a number of standard Pavlovian conditioning manip-

ulations. This task promises to become a valuable addition to the panoply of behavioral tools available to test mechanisms

underlying adaptive and maladaptive reward processing.

[Supplemental material is available for this article.]

Conditioned approach toward cues previously paired with reward
(Pavlov 1932; Miller 1961; Brown and Jenkins 1968) is an evolu-
tionarily conserved behavior observed in many species including
Drosophila, zebrafish, mice, rats, and primates (D’amato and
Buckiewicz 1980; Spyraki et al. 1982; Ninkovic and Bally-Cuif
2006; Kaun et al. 2011; Cunningham and Zerizef 2014). This be-
havioral tendency forms the basis of the conditioned place pre-
ference (CPP) task (Beach 1957), the most commonly used
measure of positive reinforcement in rodents. In this paradigm,
a rewarding stimulus such as a drug, food, or a conspecific is paired
with a distinct environment or context. The efficacy of the rein-
forcer can be quantified by measuring the animal’s preference
for the context paired with the reinforcer compared with an al-
ternative (control) context in a choice test. Over the past few de-
cades, the use of the CPP paradigm has increased steadily, with
over a thousand cited uses of the task between 1998 and 2007
(Tzschentke 2007).

The popularity of the CPP task—especially in the study of
drug addiction—may be attributed to the many advantages of
this approach (see Schechter and Calcagnetti 1993; Bardo and
Bevins 2000). These include control over the drug dose and timing
of delivery, low cost of materials, and the capacity for high
throughput. Additionally, CPP is appealing for its ethological rel-
evance because environmental cues play an instrumental part in
compulsive human behaviors including habitual drug use. For
example, smokers experienced cigarette cravings when exposed
to laboratory replicates of environments commonly associated

with smoking such as bars or coffee shops, even in the absence
of more explicit smoking cues like ashtrays or cigarettes
(Conklin 2006). Similarly, alcoholics shown images depicting so-
cial or physical environments associated with alcohol consump-
tion exhibited elevated arousal and reduced startle responses,
even when images lacked explicit alcohol cues (Nees et al. 2012).

Nevertheless, conditioned behavior may also be controlled
by more discrete cues. In the case of drug addiction, these include
the presence of fellow drug users and access to specific objects in-
cluding drug paraphernalia. For this reason, objects commonly
serve as drug-related stimuli in human and nonhuman primate
imaging studies. Images or replicates of the drug (e.g., cigarettes,
cocaine powder) or drug-related paraphernalia, presented alone
or as part of a stimulus complex, reliably increase emotional and
physiological responses in drug users and induce craving for a va-
riety of drugs of abuse including nicotine (Franklin et al. 2009;
Engelmann et al. 2011; Wilson et al. 2012), marijuana (Filbey
et al. 2009), cocaine (Grant et al. 1996), alcohol (Myrick et al.
2008), and opioids (Powell et al. 1993).

The few studies that have utilized object cues within a
Pavlovian conditioned preference procedure have revealed that
animals approach objects previously paired with rewards.
Bassareo and Di Chiara (1997) found that rats oriented toward
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and made contact with an empty box that predicted access to
highly palatable food. After the box was repeatedly presented in
the absence of food, rats ceased to approach the box, suggesting
that the approach behavior could be extinguished. A more recent
study found that female rats would preferentially explore cham-
bers containing scented objects paired with either amphetamine
administration or opportunities for paced mating versus a cham-
ber containing a neutral control object (Guterl et al. 2015). Thus,
similarly to environmental cues, objects are both integral to drug
use in human addicts and elicit conditioned approach behavior in
rodent models of drug-seeking behavior.

The adoption of object cues in studies of positive rein-
forcement may confer certain methodological advantages. First,
rodents experience and discriminate objects using active explor-
atory behaviors including whisking and sniffing (Diamond et al.
2008; Sullivan et al. 2012) and find interaction with objects re-
warding (Peartree et al. 2012). Vigorous exploration of objects is
commonly observed in the novel object recognition (NOR) test,
where performance is measured by the duration of investigation
toward the more salient, novel object (Antunes and Biala 2012).
Guterl et al. (2015) measured conditioned object preferences
based on time spent in the compartment containing the respec-
tive objects, a similar measure as that used for CPP. As such, it re-
mains unclear whether an animal’s interaction with drug-paired
objects is amenable to measurement during each phase of stimu-
lus exposure (i.e., during conditioning as well as testing), allowing
for a detailed analysis of acquisition and expression of condi-
tioned approach. Second, behavioral tests wherein rodents are
given simultaneous access to three or more objects are relatively
common (Frick and Gresack 2003; Palchykova et al. 2006;
Oliveira et al. 2010). Thus, object cues may allow for the assess-
ment of conditioned responses to three or more stimuli, for ex-
ample, to generate a dose–effect curve, which can be time-
consuming when using CPP (Bardo and Bevins 2000). Finally,
use of objects as conditioned cues allows for the analysis of an ad-
ditional, and critical, dimension of conditioned reinforcement
learning; namely, the context in which conditioning occurs.
As well as directly eliciting conditioned responses, contextual

cues can act as “occasion-setters” for responses to explicit cues
(Bouton and Swartzentruber 1986). For example, a switch in con-
text may produce “renewal” of conditioned responding following
extinction (Thewissen et al. 2006). Hence, the presence of objects
as conditioned stimuli may allow for further investigation of mod-
ulatory influences of contexts on conditioned behavior.

In a series of experiments (Fig. 1), we sought to explore the
utility of objects as drug-conditioned stimuli in rats by pairing dif-
ferent objects with cocaine. We first determined whether rats
would exhibit an enduring preference for an object previously
experienced following cocaine injection. Next we examined ex-
tinction and drug-primed reinstatement of a preference for a
cocaine-paired object. This experiment also enabled us to assess
whether the strength of a conditioned object preference (COP)
was predicted by the animal’s engagement with the drug-paired
object during conditioning. A third experiment tested the use of
three objects simultaneously to assess preference for stimuli
paired with different cocaine doses. Finally, we assessed the Pav-
lovian phenomenon of renewal by extinguishing the rats’ prefer-
ence for the cocaine-paired object in a second environment and
then retesting for COP in the original test chamber. Taken as a
whole, these experiments provide strong support for the future in-
corporation of object cues in tests of appetitive Pavlovian condi-
tioning in rats.

Results

Experiment 1
Experiment 1 (Fig. 1) was an initial test to determine whether rats
would preferentially investigate an object paired with cocaine and
whether the strength of this preference would vary as a function of
the degree of training. To address this question, animals were con-
ditioned for 2 d and received one saline and one cocaine (20 mg/
kg) conditioning session prior to post-test 1. Following post-test 1,
rats received two additional days of conditioning with one saline
and one cocaine session. A second post-test (post-test 2) was con-
ducted 24 h after the final conditioning day.

Figure 1. Schematic depicting overview for conditioned object preference testing in each experiment.
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Object preference differed based on the amount of condi-
tioning (F(2,39) ¼ 5.74, P ¼ 0.009; a ¼ 0.05) with increased pre-
ference for the cocaine-paired object in the post-tests compared
with the pretest (Fig. 2A). Tukey’s HSD post hoc tests revealed
that this effect was not significant for post-test 1 (P ¼ 0.062),
but a significant increase in preference was found for post-test
2 (P ¼ 0.008). Although preference scores at post-test 1 did not
differ from the pretest, they also did not differ from post-test 2
(P ¼ 0.624), indicating intermediate preference scores at post-test
1 and thereby supporting the prediction of a stronger preference
for the cocaine-paired object following an additional round of
conditioning.

Rats explored the cocaine-paired objects for longer than
saline-paired objects (Fig. 2B, effect of object pairing, F(1,82) ¼

11.368, P ¼ 0.005), and this effect varied according to the amount
of conditioning (object pairing × conditioning interaction,
F(2,81) ¼ 5.835, P ¼ 0.0075). Tukey’s HSD post hoc tests showed
that investigation of the saline-paired object was consistent across
testing (vs. pretest: post-test 1, P ¼ 0.39; post-test 2, P ¼ 0.60),
whereas investigation of the cocaine-paired object was un-
changed at post-test 1 (P ¼ 0.34) but increased significantly by
post-test 2 (P ¼ 0.002). Consistent with preference scores, no dif-
ference was found between investigation of the cocaine-paired ob-
ject between post-test 1 and 2 (P ¼ 0.28). Additional analysis using
planned contrasts between time spent exploring the saline versus
cocaine-paired object revealed that rats spent approximately
equal time exploring the cocaine- and saline-paired objects during
the pretest (F(1,82) ¼ 0.04, P ¼ 0.83) but investigated the cocaine-
paired object significantly more during post-test 1 (F(1,82) ¼ 7.86,
P ¼ 0.008) and post-test 2 (F(1,82) ¼ 17.43, P , 0.0002). Finally, in-
vestigation of the cocaine-paired object, but not the saline-paired
object, exhibited a linear relationship with the amount of condi-
tioning (cocaine: rsq ¼ 0.15, P ¼ 0.01; saline: rsq ¼ 0.06, P ¼
0.098), indicating increased investigation of the cocaine-paired
objects with additional conditioning.

Experiment 2
Experiment 2 (Fig. 1) was conducted to assess whether condi-
tioned object preferences show extinction and reinstatement
and to further validate the results of experiment 1 using a
saline-only control group (experiment 2A). Cocaine-treated ani-
mals received 6 d of conditioning alternating daily between saline

and cocaine (20 mg/kg). Conditioning was identical in
saline-only groups but animals received daily saline injections
(i.p.) of equivalent volume. After conditioning, animals received
a single post-test followed by extinction and cocaine-primed rein-
statement (10 mg/kg, i.p.). A second aim of experiment 2 was to
evaluate the relationship between object investigation during
conditioning and preference for the cocaine-paired object in the
post-test (experiment 2B).

Experiment 2A
Consistent with the results of experiment 1, object preference in
experiment 2A varied across testing (Fig. 3A, F(4,87) ¼ 2.58, P ¼
0.046). Preference scores also differed between cocaine-treated
and saline-only animals (saline only in Supplemental Figure 1A,
effect of treatment, F(1,90) ¼ 5.18, P ¼ 0.037) with higher overall
preference for the cocaine-paired object in cocaine-treated ani-
mals. This effect appeared to be dependent on testing phase,
although the interaction failed to reach significance (test × treat-
ment interaction, F(4,87) ¼ 2.25, P ¼ 0.073). Post hoc comparisons
(Bonferroni-corrected significance set at P , 0.0125) between
post-tests and pretest preference scores within each treatment
group revealed different patterns of object preference scores
across testing. Cocaine-treated (P ¼ 0.008) but not saline-only
(P ¼ 0.82) animals exhibited significantly higher preferences for

A B

Figure 2. Preference for cocaine-paired object following one or two
conditioning sessions. (A) Percent of total investigation time spent explor-
ing the cocaine-paired object during the pretest and following one (post-
test 1) or two (post-test 2) rounds of conditioning. Bars without a
common letter differ, P , 0.05. (B) Total duration of investigation
toward the saline- and cocaine-paired objects at each test phase. (∗)
P , 0.05, (∗∗) P , 0.001, versus saline-paired object within the same
test. N ¼ 14, graphs depict mean+SEM.

A

B

Figure 3. Extinction and cocaine-primed reinstatement of cocaine-
paired object preference. (A) Percent of total investigation time spent in-
vestigating the cocaine-paired object. Percentage scores shown at the
pretest, following conditioning (post-test) and extinction, and for
saline- or cocaine-primed reinstatement. (∗∗) P , 0.01 versus pretest per-
centage. (B) Duration of investigation toward the saline- and cocaine-
paired objects across each test phase. (∗∗∗) P , 0.001 versus saline-paired
object within the same test. N ¼ 12, graphs depict mean+SEM.
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the cocaine-paired object at post-test 1 versus pretest values.
Following extinction, preference scores of both groups returned
to pretest values (cocaine treated, P ¼ 0.09; saline only, P ¼
0.46). During reinstatement testing, saline injections alone failed
to alter object preferences in either treatment group (vs. pretest:
cocaine treated, P ¼ 0.35; saline only, P ¼ 0.14). However, the co-
caine prime (10 mg/kg) delivered before testing increased prefer-
ence for the cocaine-paired object in cocaine-treated rats (vs.
pretest: P ¼ 0.0034) but not saline-only rats (P ¼ 0.68).

Cocaine-treated animals exhibited a greater investigation
bias toward the cocaine-paired object relative to saline-only ani-
mals (saline-only data in Supplemental Fig. 1B, object pairing ×
treatment interaction, F(4,177) ¼ 2.561, P ¼ 0.046). This effect
was also confirmed by planned contrasts between saline- and
cocaine-paired object investigation times for both treatment
groups at each test phase. Investigation of the cocaine- versus
saline-paired objects was similar during the pretest in both treat-
ment groups (Fig. 3B, cocaine treated, F(1,180) ¼ 0.92, P ¼ 0.34; sa-
line only, F(1,180) ¼ 0.0006, P ¼ 0.98). Following conditioning,
cocaine-treated (F(1,180) ¼ 15.35, P ¼ 0.0002) but not saline-only
rats (F(1,180) ¼ 0.35, P ¼ 0.55) investigated the cocaine-paired ob-
ject significantly more than the control object. All animals inves-
tigated both objects equally following extinction (cocaine treated,
F(1,180) ¼ 0.89, P ¼ 0.34; saline only, F(1,180) ¼ 0.06, P ¼ 0.79) and
following a saline prime during reinstatement testing (cocaine
treated, F(1,180) ¼ 0.34, P ¼ 0.56; saline only, F(1,180) ¼ 2.42, P ¼
0.12). Finally, no difference in investigation was found between
the cocaine- and saline-paired objects following a cocaine prime
in either group (cocaine treated, F(1,180) ¼ 1.27, P ¼ 0.26; saline
only, F(1,180) ¼ 0.104, P ¼ 0.75), despite the reinstatement of pref-
erence for the cocaine-paired object observed in cocaine-treated
animals (Fig. 3A).

Experiment 2B
Investigation of objects by cocaine-treated animals during condi-
tioning was significantly lower for cocaine versus saline sessions
(Fig. 4A, F(1,70) ¼ 8.11, P ¼ 0.016). Object investigation trended
toward a decrease across conditioning days (F(2,69) ¼ 2.94, P ¼
0.073) but only for cocaine conditioning sessions (conditioning
day × drug interaction, F(2,69) ¼ 5.05, P ¼ 0.016). While the dura-

tion of object investigation during cocaine conditioning was sim-
ilar to saline sessions on day 1 (Tukey’s HSD, P ¼ 0.99), object
investigation on cocaine days 2 and 3 was significantly lower
than both cocaine day 1 (vs. day 2, P ¼ 0.041; vs. day 3, P ¼
0.01) and the respective saline day on day 3 (P ¼ 0.02) with this
comparison approaching significance on day 2 (P ¼ 0.079).
Comparisons of object investigation during cocaine conditioning
sessions with preference for the cocaine-paired object in post-test
1 revealed a strong linear relationship that was dependent on the
conditioning day. Whereas object investigation during cocaine
conditioning days 2 (Fig. 4B, R ¼ 0.728, P ¼ 0.011) and 3 (R ¼
0.746, P ¼ 0.008) was positively correlated with preference for
the cocaine-paired object at post-test 1, this was not true on co-
caine day 1 (R ¼ 0.49, P ¼ 0.12). Likewise, object investigation
during saline conditioning was not correlated with preference
for the cocaine-paired object on conditioning days 1–2 (saline
day 1, R ¼ 0.083, P ¼ 0.79; day 2, R ¼ 0.158, P ¼ 0.64) and exhib-
ited a trend toward a negative relationship on day 3 (R ¼20.597,
P ¼ 0.052).

Experiment 3
Experiment 3 (Fig. 1) was designed to test whether three objects
could be used simultaneously within the COP test. This experi-
ment compared preferences for three different objects, two paired
with different doses of cocaine (5 and 20 mg/kg) and one paired
with saline. Animals were tested using three different test objects
placed in three of the four corners of the test chamber with consis-
tent object locations across pre- and post-tests.

Generally, preference for cocaine-paired objects was higher
in the post- versus pretest (combined 5 and 20 mg/kg, F(1,32) ¼

10.6, P ¼ 0.0047). As expected, this effect was dependent on co-
caine dose. Whereas preference for the 20 mg/kg cocaine-paired
object increased during the post-test (Fig. 5A, versus pretest,
F(1,32) ¼ 5.36, P ¼ 0.034), preference for the 5 mg/kg dose re-
mained unchanged across testing (F(1,32) ¼ 0.122, P ¼ 0.73).
Thus, while preference for each object was equivalent in the pre-
test (20 mg/kg: 32.75%, 5 mg/kg: 34.79%, saline: 32.45%), object
preference in the post-test was highest for the 20 mg/kg cocaine
dose (44.13%), followed by the 5 mg/kg dose (33.43%), and lowest
for the saline-paired object (22.34%).

A B

Figure 4. Object exploration during saline and cocaine conditioning in cocaine-treated animals. (A) Total duration time spent investigating objects
during each of the three saline and cocaine conditioning days. (∗) P , 0.05 versus cocaine conditioning day 1, (#) P , 0.01 versus saline conditioning
day 3. (B) Linear regressions between total duration of object investigation during each saline (top) and cocaine (bottom) conditioning day and cocaine-
paired object preference during the subsequent post-test. Dotted lines indicate best linear fit. N ¼ 12, graphs depict mean+SEM.
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Object investigations times were dependent on drug–dose
(F(2,97) ¼ 4.77, P ¼ 0.015), but this effect was only observed in
the post-test (dose × test interaction, F(2,97) ¼ 5.28, P ¼ 0.01). In
the post-test, object investigation followed a similar pattern as ob-
ject preference with highest-to-lowest investigation durations: 20
mg/kg (70.78 sec), 5 mg/kg (51.31 sec), and saline (36.75 sec).
Post-test investigation of the 20 mg/kg cocaine-paired object
was significantly higher relative to both investigation of the
same object during the pretest (Fig. 5B, Tukeys HSD, P , 0.0001)
and the saline-paired object at the post-test (P ¼ 0.001). The 5
mg/kg cocaine-paired object was explored at an intermediate lev-
el that was not different from exploration levels of either the sa-
line (P ¼ 0.48) or 20 mg/kg cocaine-paired objects (P ¼ 0.157).
Regression analysis of object investigation across increasing
cocaine doses revealed a significant linear relationship during
the post-test (rsq ¼ 0.16, P ¼ 0.006) but not the pretest (rsq ¼
0.0003, P ¼ 0.90). No differences in object investigation were ob-
served in the pretest (Ps . 0.99).

Experiment 4
A final experiment (Fig. 1) was conducted to examine whether
context can alter preference for a cocaine-paired object. Rats

were tested for cocaine COP in the classic
A-B-A design used to assess renewal of
drug-seeking behavior (Bouton 1988;
Thewiseen et al. 2006). Animals were first
given a pretest, conditioning, and post-
test identical to those described in ex-
periment 2. These tests were conducted
in the same chamber used in experi-
ments 1–3 (environment A). Animals
were then extinguished within a new
chamber (environment B), prior to a final
post-test in environment A.

Preference for the cocaine-paired
object did not differ across test phases
(Fig. 6A, F(4,56) ¼ 1.52, P ¼ 0.21). How-
ever, object investigation times were af-
fected by object pairing (F(1,119) ¼ 10.20,
P ¼ 0.008), and this effect varied by
test phase (Fig. 6B, object pairing × test
phase interaction, F(4,116) ¼ 2.92, P ¼
0.032). Planned contrasts between sa-

line- and cocaine-paired object investigation times at each test re-
vealed equivalent levels of exploration in the pretest (F(1,119) ¼

0.009, P ¼ 0.92) but increased investigation for the cocaine-paired
object in the post-test in environment A (F(1,119) ¼ 13.36, P ,

0.0006). Significantly higher exploration of the cocaine-paired
object was also observed in environment B (F(1, 119) ¼ 7.19, P ¼
0.009), but this effect was lost following extinction (F(1,119) ¼

0.018, P ¼ 0.89). Finally, investigation for the cocaine-paired ob-
ject was again higher when animals were retested in environment
A (F(1,119) ¼ 5.19, P ¼ 0.027).

Discussion

These experiments demonstrated that rats exhibit a preference
for an object or objects that have been paired with cocaine expo-
sure. The animals’ preferences were similar in magnitude to those
commonly reported toward an environment paired with the same
dose of cocaine (Adams et al. 2001; Botreau et al. 2006; Brenhouse
and Andersen 2008). Not only were object preferences robust, but
they could be acquired to a variety of different objects. This behav-
ioral measure was also sensitive to the dose of cocaine, with pref-
erences for three different objects varying as a function of the
cocaine dose associated with each. Finally, the use of objects as

A B

Figure 5. Preference for cocaine-paired objects in three-object preference test. (A) Percent of total in-
vestigation spent exploring the objects paired with 5 and 20 mg/kg cocaine. (∗) P , 0.05 versus pretest
percentage for that dose. (B) Duration of investigation toward saline, 5 mg/kg, and 20 mg/kg cocaine-
paired objects. Post-test durations without a common letter differ. P , 0.05, (#) P , 0.001 versus
pretest duration for that object. N ¼ 18, graphs depict mean+SEM

BA

Figure 6. Renewal of cocaine conditioned object preference. Rats received pre- and post-tests in one environment (A), and a further post-test in a
second, novel environment (B). Following extinction within environment B, animals were returned to environment A for a final post-test (retest).
Cocaine-paired object preferences were assessed using (A) percentage of total investigation spent investigating the cocaine-paired object at each test
phase and (B) duration of investigation toward saline- and cocaine-paired objects. (∗) P , 0.05, (∗∗) P , 0.01, (∗∗∗) P , 0.001 versus saline-paired
object within the same test. N ¼ 12, graphs depict mean+SEM.
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conditioned stimuli proved amenable to the demonstration of the
Pavlovian phenomena of extinction, reinstatement, and renewal.
Taken together, these findings point to the potential utility of
COP as an alternative paradigm for assessing reward-related learn-
ing and behavior.

The strength of the association between cues after Pavlovian
learning is largely determined by the degree of training (i.e., num-
ber of stimulus pairings) and the magnitude of reward (Rescorla
and Wagner 1972). In the current experiments, we found that
the strength of the cocaine-paired object preference varied pre-
dictably as a function of both these parameters. Rats exhibited
a stronger cocaine preference following two conditioning
periods versus one and their preferences were more pronounced
when higher (20 mg/kg) versus lower (5 mg/kg) doses of cocaine
were given. Hence, within the parameters of the current study,
COP faithfully reflected the strength of the underlying Pavlovian
association between the conditioned object and the signal for
reward.

It is important to note that despite evidence of clear prefer-
ences for one object over another, the amount of time allocated
to engagement with the objects as a whole still made up a relative-
ly small proportion of the total time spent in the test environ-
ment. This feature of COP has at least three implications for the
application of this paradigm in future experimental studies.
First, it rules out the possibility that preference for a cocaine-
paired object simply reflects an aversion to the alternate choice
(i.e., the saline-paired object). Animals are free to avoid both ob-
jects, and thus preference behavior does not reflect a forced choice
between the two object cues. This alternative explanation cannot
be discounted as easily when it comes to place preference, except
in designs that include a third (middle) compartment. The short
duration of object exploration relative to the totality of behaviors
exhibited also means that the rat’s interaction with the objects
during the training sessions themselves becomes a potentially
valuable source of data. An indication that this measure is mean-
ingful is the fact that the animals’ engagement with the cocaine-
paired objects over the course of training correlated significantly
with the degree of object preference exhibited in the post-test.
Again, such an online readout of motivated behavior during
training is not available to the experimenter conducting a CPP ex-
periment, in which an animal is necessarily confined to the
to-be-paired environment for the entirety of each training session.

A third implication of the small proportion of time rats spend
in proximity to the object cues is that object-specific approach
behavior can be disambiguated from nonspecific effects, such as
reduced or increased locomotor behavior (that would result
from sedation or psychomotor sensitization respectively), or in-
creases in competing behaviors (e.g., exploration, rearing, and
grooming). Nonspecific behavioral effects may reduce overall ob-
ject exploration but not the relative preference for one object over
another. For example, although a 10 mg/kg priming injection of
cocaine drastically reduced overall levels of object investigation
in the test for reinstatement, we were still able to detect a discern-
able reinstatement of the rats’ preference for the cocaine-paired
object. These results highlight a potential limitation of the COP
test. Treatments or conditions that interfere with object investi-
gation may make it difficult to assess accurate object preferences
due to a floor effect. Extremely low investigation values may
exaggerate both high and low preferences, leading to greater var-
iability. However, it is precisely the ability of the COP measure
to distinguish raw investigation from relative preference that al-
lows for detection of such issues. Overall, object-directed condi-
tioned approach behavior offers a striking degree of behavioral
specificity.

A further valuable feature of an object preference task is that
learning and retrieval occur within a context that can be system-

atically manipulated. Expression of object preferences should
therefore be subject to “occasion-setting” by contextual cues, as
has been demonstrated in many other Pavlovian paradigms
(Bouton and Swartzentruber 1986; Bouton 1988). In the present
study, we determined whether animals exhibited “renewal” of a
preference for a cocaine-paired object. Renewal was assessed by re-
turning animals to the environment in which cocaine was first
experienced following extinction within an alternative environ-
ment. A preference for the cocaine-paired object, which dimin-
ished to pretest values over the course of extinction in a new
context, reemerged when the rats were placed back in the condi-
tioning context. This suggests that context can serve as an
occasion-setter for the expression of object preferences, making
COP a useful paradigm for studying the modulatory role of con-
text in functional and dysfunctional reward-related learning and
behavior.

Although rats exhibited clear preferences for cocaine-paired
objects, the motivation driving this behavior is less clear. It is
well established that animals reliably exhibit consummatory-like
behaviors, referred to as sign tracking or autoshaping, toward cues
paired with rewards (Brown and Jenkins 1968), even if this behav-
ior results in withholding of the reward (Williams and Williams
1969). This nonteleological form of behavior contrasts with goal
tracking, or behavior directed toward the source of the reward,
such as a food hopper (Farwell and Ayres 1979). A body of recent
work suggests that rats can be categorized according to whether
they predominantly acquire sign- or goal-tracking behavior.
“Sign trackers” are more likely to acquire addiction-like behavior
(Flagel et al. 2008), and cues to which sign-tracking behavior is di-
rected (e.g., the response lever in an operant chamber) are more
likely to acquire incentive salience, i.e., the ability to serve as re-
inforcers themselves (for review, see Flagel et al. 2009). For this
reason, the study of sign versus goal tracking can inform our un-
derstanding of mechanisms underlying individual differences in
vulnerability to addictive behavior (Flagel et al. 2010). If we accept
that the animals’ interaction with the objects in our experiments
reflected sign-tracking behavior, it is interesting to note that this
behavioral pattern was exhibited to some degree by almost all
rats. A critical difference between COP and conditioning for
food in an operant box is that in the former the opportunity to en-
gage in goal-directed behavior is absent. This may suggest that rats
are not destined to act solely as sign- or goal-trackers, but rather to
exhibit sign-tracking behavior if there is no proximal source of the
reward to which they can direct their responses.

Overall, these findings support COP as a valuable assay of
drug-seeking behaviors in rodents capable of providing similar
measures of acquisition, extinction, and reinstatement of cocaine
preference as CPP. Despite minor discrepancies in level of signifi-
cance, we found good agreement between object preference and
raw investigation scores and both measures supported a robust
preference for the cocaine-paired object across multiple tests.
Furthermore, conditioned object preference provides opportuni-
ties to explore novel questions. As demonstrated in the present
study, this task allows for the establishment of dose–response re-
lationships by using multiple object cues and is also well suited for
investigation of the effects of environment on conditioned prefer-
ence. However, the COP is not without limitations. For example,
object investigation is not as amenable to automated analysis as
the locomotor behavior used to assess CPP. Furthermore, as ad-
dressed above, COP may be particularly sensitive to floor effects
on object exploration. Given the particular strengths of the COP
and CPP tests, these behavioral assays are ideally suited as com-
plementary measures of reward-seeking behavior. Overall, given
an inherently straightforward methodology that uses readily
available materials, and the flexibility offered in terms of experi-
mental design, COP promises to become a customizable test for
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investigating mechanisms of reward processing and associated
psychopathologies.

Materials and Methods

Subjects
Charles River-derived Sprague-Dawley rats (Charles River,
Wilmington, VA) were housed in a vivarium on a 12-h light–
dark cycle where they were provided with ad libitum food and
water. All behavioral tests were conducted during the light
phase. Behavioral testing was conducted in adult male rats at
P65 or older. All experiments were approved by the University
of Minnesota Institutional Animal Care and Use Committee.

Conditioned object preference
The conditioned object preference procedure was modified from
an NOR task used previously (Kennedy et al. 2014). Prior to the
start of testing, rats were handled for 2 d followed by 2 d of habit-
uation to the test chamber for 10 min/d (black ABS plastic, 50
cm × 50 cm × 50 cm). The basic test procedure used for all exper-
iments consisted of a pretest, conditioning, and a post-test (Fig. 1),
although test durations and length of conditioning varied by ex-
periment (see experiment-specific sections below). During the
pretest, rats were placed in the test chamber containing either
two or three different test objects secured to the floor using fasten-
ers. Following the pretest, conditioning was conducted by inject-
ing animals with either saline (0.9%) vehicle or cocaine HCl (5 or
20 mg/kg, Research Triangle Institute) and placing them into the
test chamber for 25 min with two (experiments 1, 2, 4) or three
copies (experiment 3) of the same object. Treatment alternated
daily between saline and cocaine, and a different object was paired
with each treatment. Injections were always delivered intraperito-
neally (i.p.) in a 1 mL/kg volume. Post-tests were identical to the
pretest and were conducted in drug-free animals 24 h following
the final conditioning day. Both pre- and post-tests, as well as
some conditioning sessions (experiment 2B), were video recorded
by a camera positioned directly above the test chamber. All videos
were scored for the duration of object investigation (nose ,2 cm
from object) by a trained rater blind to group assignment using
computer-assisted software (Button box; Behavioral Research
Solutions). Conditioned object preference was analyzed using ei-
ther the percentage of total investigation directed toward the
cocaine-paired object or a comparison of raw investigation dura-
tion directed toward the cocaine versus saline objects. A subset
of videos was scored by a second rater to validate object preference
scores. Correlations between independent scoring of object pref-
erences were strong (Rs ¼ 0.871–0.955).

Chambers were wiped down with 70% ethanol and objects
were cleaned with bleach water between testing. Multiple object
pairs were used for each experiment but test object pair, as well
as conditioning order and drug-paired object location during test-
ing were all counterbalanced across animals. Objects were of sim-
ilar size but varied in color, material, texture, or shape and
included small plastic or rubber dog toys as well as plastic cups
and bowls. Across all experiments, each object within a test pair
was investigated equally during the pretest, indicating that no ob-
jects were inherently preferred or avoided by the rats (Ps . 0.05,
data not shown).

Experiment 1
Rats were conditioned for 2 d and received one saline and one co-
caine (20 mg/kg) conditioning session prior to the post-test
1. Following post-test 1, rats received two additional days of con-
ditioning with one saline and one cocaine session. A second post-
test (post-test 2) was conducted 24 h after the final conditioning
day. Pre- and post-tests were 5 min in length.

Experiment 2A
Cocaine-treated animals received 6 d of conditioning alternating
daily between saline and cocaine (20 mg/kg). Conditioning was

identical in saline-only groups, but animals received daily saline
injections (i.p.). After conditioning, animals received a single
post-test followed by extinction and cocaine-primed reinstate-
ment. Extinction was performed with daily, 10 min tests over
6 d in which both objects were presented without additional co-
caine or saline administration. Cocaine-primed reinstatement
was assessed 24 h after the final extinction day in 10-min object
preference tests conducted over 2 d. On the first day, animals
were retested for object preference following a saline injection
(i.p.). On the second day, all animals, including saline-only
groups, received a cocaine prime (10 mg/kg, i.p.) immediately
prior to testing. All tests including pre- and post-tests were 10
min in length.

Experiment 2B
Saline and cocaine conditioning sessions for the animals used in
Experiment 2A were video recorded and rated for object investiga-
tion. Object investigation during saline or cocaine conditioning
for each animal was compared with subsequent preference for
the cocaine-paired object in the post-test using a linear regression.

Experiment 3
Three different objects were used for testing and conditioning.
Test objects were placed in three of the four corners of the test
chamber with consistent object locations across pre- and post-
tests. Animals received 9 d of conditioning which alternated daily
between saline, 5 mg/kg, and 20 mg/kg cocaine, with a different
object paired with each treatment. Treatments were always given
in this order but the treatment received on the first conditioning
day was counterbalanced across animals. During conditioning,
three identical copies of the designated object were placed in
the test chamber. Pre- and post-tests were 10 min in length.

Experiment 4
Rats received a pretest, conditioning, and post-test, identical to
those described in experiment 2. These tests were conducted in
the same chamber used in experiments 1–3 (environment A).
Animals were then given a second COP post-test in a new chamber
(environment B). Environment B was a chamber with the same
size as the home cage with opaque plastic walls. Rats were tested
in these chambers without bedding and objects were secured on
the cage floor at opposite sides of the chamber. Environments A
and B were thoroughly cleaned with 70% ethanol between tests.
After the post-test in environment B, rats received additional tests
without cocaine or saline administration to facilitate extinction
similar to the extinction performed in experiment 2A. After pref-
erence for the cocaine-paired object had returned to baseline val-
ues following extinction, rats were given a final post-test in the
original environment A. All tests in both environments were 5
min in length.

Statistical analysis
Analysis of object preferences, such as in the NOR task, can be per-
formed using multiple different approaches (Antunes and Biala
2012). To assess conditioned object preference, the present study
adapted two commonly used measures, percent of total investiga-
tion time spent with the cocaine-paired object and raw investiga-
tion time directed toward the cocaine- and saline-paired objects.
Percent preference for the cocaine-paired object and duration
of investigation toward each object were compared between
groups and across test phases using mixed-effects analysis of var-
iance (ANOVA) to assess within- and between-subjects effects.
Significant effects were further explored using Tukey’s HSD to
determine significant comparisons. Due to the large number
of comparisons possible with the addition of a saline-only control
group in experiment 2A, Bonferroni-corrected post hoc tests were
used instead to explore the change in object preferences across
testing within each treatment group (Bird 1975). Planned con-
trasts were used to compare investigation times between cocaine-
and saline-paired objects at each test phase in experiments 2 and
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4. Linear regressions were assessed using Pearson’s correlation co-
efficient. Uncorrected significance levels (a) were set at P , 0.05.
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