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Abstract
Rationale—In some rats, the hormone corticosterone is reinforcing. High novelty-seeking rats (high
responders, HR) self-administered corticosterone at a much higher rate than low novelty-seeking rats
(low responders, LR) do [24]. While previous studies demonstrated that corticosterone reinforces
nose poking in a self-administration paradigm, no studies to date have examined whether
corticosterone is rewarding.

Objective—Using the conditioned place preference (CPP) paradigm, we examined the rewarding
effects of corticosterone in HR and LR rats.

Methods—Male Sprague-Dawley rats were classified into HR and LR groups based on their
locomotor activity in a novel environment. Subsequently, independent groups of HR and LR rats
underwent CPP for corticosterone (0; 2.5 or 10 mg/kg; i.p.) or cocaine (12 mg/kg; i.p). CPP for
Cocaine was used as a positive control.

Results—While cocaine produced a strong CPP in both HR and LR rats, corticosterone failed to
produce either preference or aversion in both phenotypes.

Conclusion—Corticosterone is neither rewarding nor aversive in either behavioral phenotype.
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In humans, novelty-seeking is a trait that reliably predicts drug abuse. Novelty seekers report
higher and more frequent use of illicit substances [35,36]see [4]. To further investigate this
phenomenon, a model of individual differences in novelty-seeking was developed in rats.
Outbred rats can be classified as high responders (HR) or low responders (LR) based on their
locomotor activity in a novel environment. An important difference between HR and LR rats
is their drug-taking behavior, as HR rats readily self-administer psychostimulants when
compared to LR rats [19,22,23]. This animal model is therefore widely used to assess the
neurobiological and environmental factors that predict the susceptibility and behavioral
responses to various substances of abuse [11,17,19,21,23].

Glucocorticoids increase the appetitive properties of numerous stimuli [25], including drugs
of abuse [8,14]. For example, adrenalectomy attenuates the reinforcing properties of
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psychostimulants [8,14] and this effect is reversed in a dose-dependent manner by
administration of corticosterone (CORT) [8]. In a study evaluating individual differences in
the reinforcing properties of CORT, rats performed an operant task to self-administer this
hormone [24], [34]. CORT increased operant responding in HR rats compared to LR rats,
suggesting that the hormone’s strength as a reinforcer depends on these behavioral phenotypes.
Furthermore, when compared to LR rats, HR rats exhibited an exaggerated CORT response
following mild stressors, which was associated with a reduction in anxiety-like behaviors in
these rats [7,18]. Taken together, these data suggest that HR rats may actively seek stress-
induced increases in plasma CORT levels, which these animals experience as reinforcing
[18].

Clinical observations have shown that chronic glucocorticoid treatment induces negative
symptoms (including asthenia, fatigue, reduced concentration, apathy, depression, and
increased irritability) in some individuals [13,16,28] and positive symptoms (such as euphoria)
in others [13,16,28]. These findings led us to hypothesize that there might be individual
differences in the rewarding properties of CORT [2]. In particular, HR rats may find CORT
more rewarding than LR rats. Accordingly, the aim of the present study was to evaluate the
rewarding properties of CORT (0, 2.5, and 10 mg/kg) and cocaine (12 mg/kg) using a CPP
paradigm. Cocaine was used as a positive control since it has been shown to produce strong
CPP in both HR and LR rats [15].

Seventy-four male Sprague–Dawley rats from Charles River (Wilmington, MA, USA),
weighing 250–275g on arrival, were used in this study. Forty-eight of these rats were used to
test CORT (0, 2.5, and 10 mg/kg, i.p.) CPP in HR and LR rats. Fourteen rats were used to test
cocaine CPP in HR and LR rats. The remaining fourteen rats were used to examine the effects
of CORT injections (0, 2.5, 10 mg/kg; i.p.) on plasma CORT levels. These rats were injected
with either the vehicle or the CORT and then were terminated 30 minutes after exposure to the
white or to the dark compartments of the CPP apparatus. The CORT doses were chosen based
on previous reports showing that these doses do not induce seizures and can alter different
behaviors including CPP, drug self-administration, and spatial memory [1,3,30,31]. CORT and
cocaine were purchased from Sigma-Aldrich, St. Louis MO USA.

In all experiments, the rats were housed 2 per cage in clear Plexiglas cages (19"×10.5"×8")
and were kept in a 12 hour light cycle (lights on at 7am). All experiments were conducted in
accordance with the guidelines of the Animal Care and Use Committee of Florida State
University.

Rats were allowed to habituate to the housing conditions for 5 days. Subsequently, their
locomotor response to novelty was tested in circular activity chambers (Med Associates Inc,
St. Albans, Vermont) for one hour. Four photobeam sensors at equal distances recorded each
rats’ crossings between adjacent quadrants. The rats that exhibited locomotor counts in the
highest 50 percent of the sample were classified as HR, and the rats that exhibited locomotor
counts in the lowest 50 percent were classified as LR.

Place conditioning started two days after the novelty response testing and was conducted in
shuttle boxes (Med Associates Inc, St. Albans, Vermont) consisting of 3 distinct compartments
operated by automatic doors. The overall inside dimensions of the apparatus were 21 × 21 ×
68 cm. The center compartment was gray with a smooth PVC floor. The choice compartments
were 28 cm long. One compartment was all black with a stainless steel grid rod floor consisting
of 4.8 mm rods, placed 16 mm on center, while the other was all white with a 0.25 × 1.25 cm
stainless steel mesh floor. The location of each rat was recorded during test sessions using
fifteen infrared photobeam detectors.
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On day one (pre-conditioning), each rat was placed in the neutral gray compartment for 30
seconds. After this delay, the automatic guillotine doors opened and the rat had free access to
the entire apparatus for a total of 20 minutes. The amount of time spent in each compartment
was recorded. In this experiment, the rats tended to have a slight bias for the black compartment.
On average, the rats spent 138 seconds more in the black compartment than in the white
compartment. Therefore, injections of CORT and cocaine were paired with the least-preferred
white side.

On the following four days of conditioning, two groups of rats were injected with CORT at
2.5 mg/kg (HR n=8; LR=8) or 10 mg/kg (HR n=8; LR=8). Injections were performed twice a
day with one pairing of CORT in the white chamber and one pairing of vehicle in the black
chamber. The injections were counterbalanced between morning and afternoon with at least 4
hours between each session. A separate control group of rats (HR n=8; LR=8) was injected
only with the vehicle (45% hydroxypropyl-beta-cyclodextrin) in both compartments twice
daily for all four days of conditioning. As a positive control for our CPP procedures, a separate
group of HR (n=5) and LR (n=9) rats were conditioned with cocaine (12mg/kg i.p.) in the white
chamber or saline (1 ml/kg; i.p.) in the black chamber twice daily for all four conditioning
days. In this case also, the injections were counterbalanced between morning and afternoon
with at least 4 hours between each session. All conditioning sessions lasted 30 minutes.

On the day following the last conditioning, the rats were tested for CPP in a drug-free state.
The experimental conditions used during the test were exactly the same as those used during
the pretest. The amount of time the rats spent in each compartment was recorded.

In an additional experiment, we sought to determine the levels of plasma CORT induced by
the intraperitoneal injections of CORT or its vehicle. For this purpose, 14 male Sprague-
Dawley rats were injected with CORT at 2.5 mg/kg (n=5) and CORT at 10 mg/kg (n=4) or
with vehicle (n=5). After the injection of CORT or vehicle, each rat was placed in the white
chamber (for CORT-injected rats) or in the black chamber (for vehicle-injected rats) of the
CPP apparatus. The rats were then terminated 30 minutes later. Their trunk blood was collected
in 7ml blood collection tubes coated with EDTA (Becton Dickinson, Franklin Lakes NJ USA).
The collection tubes were centrifuged at 2500 rpm at 4°C and plasma was collected and frozen
at −20°C until used for CORT analysis. Plasma CORT levels were determined using the Coat-
A-Count corticosterone radioimmunoassay kit according to the manufacturer’s instructions
(DPC Los Angeles, CA, USA).

Our results show that locomotor activity in a novel environment does not predict individual
differences in place conditioning to CORT (figure 1). Unlike CORT, cocaine induced an
equally strong place preference in both HR and LR rats (figure 2). Our results are in agreement
with the results of Gong et al., [15] and confirm that response to novelty does not predict the
rewarding properties of cocaine. Since we were able to induce a robust conditioned place
preference to cocaine but not to CORT using exactly the same CPP procedure, we conclude
that CORT is not rewarding.

In order to ascertain whether or not the CORT treatment produced physiological levels of the
hormone we carried out an experiment in which rats were injected with either the vehicle or
CORT and the levels of the hormone was determined in the plasma. Acute injection of CORT
at 10 mg/kg produced plasma CORT levels above the physiological range produced by a stress
exposure. However, the injection of CORT at 2.5 mg/kg produced physiological levels of the
hormone ( figure 3) that are in the range of the physiological plasma levels that were shown
in a previous study to be reinforcing [24]. Accordingly, pharmacological as well as the
reinforcing physiological plasma levels of CORT fail to be rewarding or aversive.
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The rewarding properties of glucocorticoids in a CPP paradigm have been examined in two
studies. In one study, high dose of dexamethasone appeared to induce place preference [20].
In the second study, CORT (10 mg/kg) failed to produce CPP [3]. Our results confirm with
the finding of Brooks et al., but extend them to lower concentration of the hormone and extend
them by demonstrating that even HR rats that are known to self administer CORT do not form
place preference for a CORT-associated environment. It is likely that some of the discrepancies
between the dexamethasone and the CORT studies are due to methodological issues. The most
likely issue is the choice of the glucocorticoid, as dexamethasone and CORT diffuse across
the blood brain barrier with different efficacies and bind with different affinities to
glucocorticoid receptors [6,27].

One might ask why HR and LR rats exhibit differences in the expression of behavioural
reinforcement for response-contingent injections of CORT but fail to develop a CPP to the
same hormone. This is not the first time that such dissociation between the reinforcing and
rewarding properties of a substance in HR and LR rats was reported. Indeed, response to novelty
failed to predict individual differences in the formation of preferences for psychostimulant-
associated environments [12,15], despite the fact that HR and LR rats clearly exhibit different
patterns of psychostimulant self-administration [19,22,23,26]. The seemingly contradictory
observations that rats will self administer CORT [9,24] but will not develop CORT CPP is
consistent with the notion that several classes of drugs are self-administered but do not support
CPP [2]. Although self-administration and CPP data usually concur, these mismatches suggest
that these two paradigms are measuring drug actions that are at least partially dissociable
[33,34]. For example, CPP is entirely dependent on a bolus injection by the experimenter
whereas in drug self–administration, rats receive their injections at a much lower rate and they
have the choice to either take the drug or not. Past reports have clearly show that dopamine
transmission is attenuated in animals receiving yoked infusions when compared to rats actively
self-administering amphetamine [10,29].

It should be noted that the CPP paradigm differs from the self-administration paradigm in that
it is dependent on contextual learning and temporal associations [2]. Highly elevated
circulating CORT concentrations may actually interfere with contextual learning, since
adrenalectomized rats injected with a high dose of CORT (40mg/kg) were impaired in a Y
maze test [5]. However, in our study, an impairment of contextual learning cannot explain the
lack of preference for CORT for at least 3 reasons: 1) the doses of CORT that we used are
much lower than the doses that have been shown to impair learning. CORT at 2.5 and 10 mg/
kg were even shown to enhance learning [1,32] 2) rats injected with CORT at low and high
doses exhibit similar behavior in the CPP paradigm; 3) rats conditioned with CORT and rats
conditioned with the vehicle exhibit similar behavior in the CPP paradigm.

Further experimentation will be necessary to understand how CORT appears to have strong
reinforcing properties in some rats and not others, even in the absence of marked conditioned
reward effects. As shown in humans, it is possible that longer exposure to CORT may reveal
the existence of individual differences in the rewarding/aversive properties of this hormone.
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Figure 1.
Response to novelty did not predict conditioned place preference or conditioned place aversion
to CORT. In the white CORT paired chambers, there was no effect of individual differences
(HR/LR) [F(1,42)=3.426; p>0.05] nor CORT doses [F(2,42)=1.026; p>0.05] on time spent in
the white chamber on test day compared to pretest day. There was also no interaction between
individual differences and CORT doses [F(2,27)=0.32;p>0.05]. Furthermore, there was no
main effect of individual differences [F(1,42)=0.360; p>0.05] nor a main effect of CORT doses
[F =0.521; p>0.05] on time spent in the vehicle-paired black chamber. There was also no
interaction between individual differences and CORT doses for the black chamber [F(2,27)
=0.20; p>0.05]. Finally, there was no main effect of individual differences [F(1,42)=0.938;
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p>0.05] nor CORT dose effects [F(2,42)=0.022; p>0.05] for the time spent in the gray chamber.
There was also no interaction between individual differences and CORT doses in the gray
chamber [F(2,27)=0.23; p>0.05]. Individual differences in CPP were analyzed using two-way
Analysis of Variance (ANOVA). HR/LR and CORT doses were the two independent factors
and the delta time spent in the white conditioning chamber, gray start box, or black vehicle-
paired chamber were the dependent variables.
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Figure 2.
Cocaine induced a conditioned place preference, as demonstrated by a significant increase in
the time spent by rats in the white chamber [F(1,12)=43.12; p<0.001] and a significant decrease
in time spent by rats in the vehicle-paired black chamber [F(1,12)=7.16; p<0.05]. There were
no effects of individual differences on the time spent in the white chamber [F(1,12)=.132;
p>0.05] or the black chamber [F(1,12)=.579; p>0.05]. Finally, there was no effect of cocaine-
conditioning on the time spent in the gray start box [F(1,12)=0.623;P>0.05], nor was there an
effect of individual differences [F(1,12)=.003;P>0.05]. Individual differences in cocaine-
induced CPP were analyzed using one-way repeated measures ANOVA. HR/LR was the
independent factor and the delta time spent in the white conditioning chamber, gray start box,
or black vehicle paired chamber were the dependent variables.
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Figure 3.
Plasma CORT concentration in rats injected with vehicle, 2.5 and 10mg/kg of CORT. There
was a significant main effect of the CORT doses [F(2,11)=8.41; P=0.006]. Fisher’s post-hoc
analysis revealed that there was significant increase in plasma levels of CORT in the rats
injected with 10mg/kg as compared to vehicle-injected rats (p=0.0018). Rats injected with
CORT at 10 mg/kg exhibited also higher plasma CORT when compared to rats injected with
CORT at 2.5 mg/kg (p=0.040). Rats injected with CORT at 2.5mg/kg exhibited a nonsignificant
increase in plasma CORT when compared to vehicle-treated rats (p=0.08). Plasma CORT
levels were analyzed using one-way ANOVA followed by Fisher’s Post-hoc test.
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