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Abstract

Cocaine-and-Amphetamine Regulated Transcript peptide (CART peptide) is known for having an

inhibitory effect on dopamine (DA)- and cocaine-mediated actions and is postulated to be a

homeostatic, regulatory factor in the nucleus accumbens (NAc). Some sex differences in cocaine-

mediated LMA and in the expression and function of CART peptide have been reported.

However, it is not known if the inhibitory effect of CART peptide on cocaine-mediated locomotor

activity (LMA) is sexually dimorphic. In this study, the effect of CART 55-102 on LMA due to

intra-NAc DA and i.p. cocaine were determined in male and female Sprague-Dawley rats. The

results show that CART 55-102 blunted or reduced both the DA- and cocaine-induced LMA in

both males and females. In conclusion, CART peptide is effective in blunting DA- and cocaine-

mediated LMA in both males and females.
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1. Introduction

Cocaine-and-Amphetamine Regulated Transcript (CART) peptides (usually CART 55-102)

are involved in a variety of physiological systems and effects (Rogge et al., 2008, Zhang et
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al., 2012). The mesolimbic dopaminergic system which includes projections from the

ventral tegmental area (VTA) to the nucleus accumbens (NAc) is important in cocaine-

mediated locomotion (LMA) and reward (Wise, 1984). Dopamine (DA)-containing nerve

terminals originating in the VTA synapse on CART peptide-containing neurons in the NAc

(Smith et al., 1997, Koylu et al., 1998, Smith et al., 1999), suggesting that CART peptide

modulates mesolimbic DA function. Incidentally, these CART-peptide-containing neurons

are activated by cocaine (Douglass et al., 1995, Hunter et al., 2005, Hubert and Kuhar,

2008), suggesting that CART peptide is important in cocaine-mediated effects. In human

cocaine abusers, CART expression levels were increased and decreased in the NAc

(Albertson et al., 2004, Bannon et al., 2005) and VTA (Tang et al., 2003), respectively. In

some studies, cocaine increased the expression of CART mRNA in the NAc (Douglass et

al., 1995, Hunter et al., 2005).

The administration of CART 55-102 into the NAc blunted the effects of DA and cocaine

(Jaworski et al., 2003, Job et al., 2013), whereas depletion of CART peptides in the NAc

(using shRNAs) led to a potentiation of cocaine-mediated LMA (Job et al., 2012). The

mechanisms for these effects are not completely clear; however this blunting action of

CART peptide seems to involve simultaneous activation of both D1 and D2 DA receptors in

the NAc (Moffett et al., 2011). Also, this blunting action of CART peptide is lost after

repeated cocaine administration (Job et al., 2013). For these reasons, CART peptide is

thought to be a homeostatic regulator of DA- and cocaine-induced actions in the NAc

(Jaworski et al., 2003, Jaworski et al., 2008, Rogge et al., 2008, Job et al., 2012).

There are sex differences in the effects of cocaine (Quinones-Jenab et al., 2001, Walker et

al., 2001, Lynch et al., 2002, Hu et al., 2004, Fuchs et al., 2005, Jackson et al., 2006,

Quinones-Jenab, 2006, Becker and Hu, 2008, Fattore et al., 2008, Anker and Carroll, 2010,

Carroll and Anker, 2010, Cotto et al., 2010, Anker and Carroll, 2011, Andersen et al., 2012,

Quinones-Jenab and Jenab, 2012). Furthermore, there are sex differences in the effects of

cocaine on DA in the NAc (Lynch et al., 2002, Festa et al., 2006, Lynch et al., 2007, Festa et

al., 2010). With all these sex differences in cocaine-mediated DA function, it is important to

determine if there are differences also in CART peptide-mediated modulation of cocaine and

DA function.

Interestingly, there are sex differences in CART peptide expression and function (Fagergren

and Hurd, 1999, Rondini et al., 2004, Balkan et al., 2006, Gozen et al., 2007, Xu et al., 2010,

Battistoni et al., 2011, Gerrits et al., 2011, Hostetler et al., 2011, Rodrigues et al., 2011,

Bloem et al., 2012). Because of the findings that there are sex differences in (a) the effects

of cocaine on DA in the NAc and (b) in CART peptide expression and function, we explored

if there are sex differences in the effects of CART peptide on cocaine-induced LMA in rats.

Even though the effects of CART peptide have been previously explored in males, males

were included in many of these experiments to provide a rigorous comparison to females.

Also, because cocaine produces its effects through DA systems, we explored the effects of

CART peptide on DA-induced LMA.
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2. Methods

2.1 Animals and Surgery

A total of 87 Sprague Dawley rats (47 males and 40 females), weighing between 225–275g

at the time of purchase (Charles River Inc., Wilmington, MA), were used for the behavioral

studies. The rats were pair-housed according to sex prior to surgery and individually housed

following surgery. They were provided rat chow and water ad libitum, and maintained on a

12 hour light: dark cycle (lights on at 7am). Experiments and animal care were in

accordance with the Institute of Animal Care and Use Committee of Emory University and

the National Institutes of Health Guide for the Care and Use of Laboratory Animals.

Using stereotaxic surgical procedures under isoflurane inhalation anesthesia, or with a

cocktail of Ketaset (Ketamine HCl, Fort Dodge Animal Health, Iowa, USA) and

Dexdomitor (dexmedetomidine HCl, Orion Corporation, Espoo, Finland) injection

anesthesia, rats were implanted with a bilateral stainless steel guide cannulae assembly (22

gauge; Plastics One; Roanoke, VA) using the following coordinates (from Bregma) for the

NAc: A/P 1.6 mm, L/M ± 1.5 mm, D/V −5.7 mm (Paxinos and Watson, 1998) to place the

guide cannulae 2.0 mm above the shell-core boundary of the NAc. The assembly was

secured to the skull with acrylic dental cement and 2–4 stainless steel screws. A bilateral

obturator extending 0.5mm past the tip of the cannulae was inserted into the guide cannulae

to prevent blockage. All rats were allowed to recover for at least one week before LMA

experiments. Following recovery from surgery, the animals were prepared for infusions and

LMA measurement. One to two days before testing, animals were habituated to the testing

chambers for approximately 30 minutes after being briefly handled. The testing days were

separated by at least 2 days of no testing. Male and female rats were used on the same day

under the same experimental conditions. For the cocaine study, estrous cycle status in

females was determined retrospectively. Rats were only used for either DA or cocaine

administration, but not both.

2.2 Experimental Design

The following experiments were done in males and females: (1) a determination of the effect

of CART peptide on the cocaine dose-response curve, (2) a determination of the dose-

response effect of CART peptide on cocaine (10 mg/kg) mediated LMA, and (3) a

determination of the effect of CART peptide on DA-mediated LMA. Estrous cycle was

determined for females used in cocaine (10 mg/kg ip)-mediated LMA (data not shown). For

the cocaine experiments, the females ranged in age from 4–6 months and the males ranged

in age from 3.4–7.8 months. For the DA-related experiments, the females ranged in age

from 3.6–8.7 months and the males ranged in age from 3.4–8.3 months. The details of the

animal use are summarized in Table 1.

A total of 25 male rats and 20 female rats were used for the cocaine study (Table 1). For the

cocaine dose-response experiment, both male and female rats were used in a crossover

design such that for a given dose of cocaine, the rats received both saline + cocaine and

CART55-102 + cocaine. In these experiments, rats received bilateral intra-accumbal

infusions of either CART 55-102 (2.5 μg in 0.5 μL) per side or an equivalent volume of
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saline (0.5 μL/side) followed immediately by an injection (ip.) of different doses of cocaine

(0.0, 5.0, 7.5, 10.0, and 15.0 mg/kg all administered in 1 mL/kg) and LMA was measured.

The cocaine 0 mg/kg was the same as an equivalent volume of saline (1 mL/kg). Animals

were used for 2 treatments (with and without CART peptide, counterbalanced design) for

only one cocaine dose. The number of animals used per cocaine dose are given in Table 1.

Some animals were re-used for CART 55-102 dose-response experiment. In this experiment,

some of the animals that had been used in previous experiment (not used for cocaine (10

mg/kg ip) dose in the cocaine dose response study), were assigned to 2 groups (CART1 μg +

cocaine, CART2.5 μg + cocaine) and analyzed with the saline + cocaine (10 mg/kg ip, data

from previous experiment). The reproducibility of our re-used data was tested by comparing

the CART2.5 μg + cocaine group with the CART2.5 μg + cocaine results from previous

experiment using t-tests. In this experiment, 17 males and 14 females from the previous

experiment were re-used. In this design, both male and female rats were used only once.

A total of 22 male rats and 20 female rats were used for the DA study (Table 1). In this

design, males and females were assigned to one of 6 groups (saline + saline, CART1-27 +

saline, CART 55-102 + saline, saline + DA, CART1-27 + DA, CART 55-102 + DA). For

this study, both male and female rats were used only once. The details of the animal use are

summarized in Table 1.

2.3 Intra-NA infusions and LMA Experiments

The microinfusion assembly included stainless steel bilateral injector cannulae (28 gauge;

Plastics One), polyethylene-50 (PE-50) tubing, two 25 μL microsyringes (Hamilton Co,

Reno, NV), two microsyringe pumps and Micro4 Microsyringe Pump Controller (World

Precision Instruments, Sarasota, FL). The two 25 μL syringes were filled with sterile water

with an air bubble introduced to enable a reading on the syringe scale of amount infused.

The microsyringes were then placed in the microsyringe pumps which were in turn

connected to the microsyringe pump controller. Two PE-50 tubes, cut to the same length,

were filled with sterile water and connected to the two 25 μL syringes on one end and to the

stainless steel bilateral injector cannulae on the other end. Air was withdrawn into the

assembly through the bilateral microinjector cannulae before the solutions for infusion were

drawn. In other words, an air bubble was introduced between the sterile water and the

solution to be infused, also to enable a visual confirmation of infusion. For each infusion,

the rats were gently restrained by the handler. The bilateral injector cannulae were placed

into the bilateral guide cannulae such that it extended 2.0 mm past the guide cannulae. Fluid

was bilaterally injected (0.5 μL/side) for 30 seconds through the bilateral injector cannulae.

The injected fluid was allowed to diffuse for an additional 30 seconds before gentle removal

of the injector cannluae.

LMA was measured in 10 minute intervals using a photocell cage (Omnitech Electronics,

Columbus OH) with the dimensions of 40 × 40 × 30cm. The cages were made of transparent

plexiglass walls and contained 32 photobeams located 5cm above the floor to record LMA.

Each cage was placed in a stainless steel box and connected to a computer equipped with

software (Digipro; Omnitech Electronics) to measure LMA. On testing days, animals were

habituated to the chambers for 30 minutes, followed by 30 minutes of basal LMA
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measurement. Next, animals were given an accumbal infusion of the designated treatment

and returned to the chamber for 60 or 90 minutes of LMA measurement, depending on the

treatment (DA or cocaine, respectively). Time courses were obtained in each experiment as

we have in the past, but the data shown represent total locomotor activity added over 90 min

and are shown as one bar value.

2.4 Estrous cycle determinations and brain histology

After the LMA experiments, female rats were lightly anesthetized with isoflurane and

vaginal samples were obtained to determine estrous phase. Vaginal secretion was collected

with a plastic pipette containing 50 μL of distilled water. The pipette tip was inserted gently

into the vagina and fluid withdrawn and placed on glass slides. The slides were allowed to

dry at room temperature and stored at −4°C until staining. Staining of vaginal samples was

done with cresyl violet. The images were scanned at 20X in the Aperio, and downloaded

from Spectrum. The images were not changed or altered in anyway except the scale was

adjusted in Adobe Illustrator Encapsulated PostScript (EPS) to fit into a Word document

page. The estrous phase is defined by the preponderant cellular types in the vaginal samples.

A proestrus sample predominantly contains nucleated epithelial cells whereas an estrus

sample predominantly contains anucleated cornified cells.

After completion of the all experiments, animals received an overdose of Ketamine (70

mg/kg) and Dexdomitor (0.5 mg/kg), and were then perfused intracardially with saline and

4% paraformaldehyde. After removal from the skull, brains were placed in 4%

paraformaldehyde overnight, followed by immersion in 30%w/v sucrose paraformaldehyde

solution for several days. The brains were sliced (60 μm thickness) using a cryostat (Leica

CM1900, Leica CM3050S, Leica Microsystems, Germany) and processed for Nissl staining.

A stereotaxic brain atlas (Paxinos, 1998.) was used to approximate the placement of the

injector tip (see Fig 5).

2.5 Statistical Analyses

LMA data were acquired in 10-minute bins and total locomotor activity data over 90 min

(for cocaine studies) and 60 min (for DA studies) were analyzed. Data are all expressed as

mean ± SEM, and significance was assumed to be p < 0.05. All analyses were performed

using IBM SPSS Statistics 20.0. When required, data were transformed to satisfy equality of

variance test.

For the cocaine dose-response study, rats were used for both saline + cocaine and CART +

cocaine in counterbalanced design (repeated measures) as described in Methods. The

analysis for the effect of CART peptide on LMA due to different doses of cocaine in male

and female rats (Fig 1) employed a 2 × 5 × 2 (sex x cocaine dose x treatment) mixed

factorial repeated measures. The factors were 2 (sex: male, female) × 5 (cocaine dose: 0, 5,

7.5, 10, 15 mg/kg i.p.) × 2 (treatment: without- and with- CART peptide).

For the analysis of the effect of different doses of CART peptide on cocaine-10 mg/kg-

mediated LMA in male and female rats (CART peptide dose-response, Fig 2), a 2-way

ANOVA was used. The factors were sex (2 levels: males and females) and CART dose (3

levels: CART0 + coc10, CART1 + coc10 and CART2.5 + coc10).
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For the analysis of the effect of estrous phase on the effect of CART peptide (CART 2.5 μg)

on cocaine-10 mg/kg-mediated LMA (Fig 3), a 2-way ANOVA was used (data not shown).

The factors were estrous phase (2 levels: estrus and proestrus) and treatment (2 levels: saline

and CART).

For the effect of CART peptide on DA-mediated LMA in males and females (Fig 4), a 2 × 3

× 2 mixed factorial ANOVA was used with factors sex (2 levels: males and females),

treatment (3 levels: saline, CART 1-27 and CART 55-102) and DA dose (2 levels: 0 and 15

μg). Significant main effects or interactions were followed up with simple effects tests. The

significant differences after Bonferroni post hoc analysis are shown on the graphs.

3. Results

Animals were prepared as described in Methods, and the effect of CART peptide on

cocaine-mediated LMA were examined. Different doses of cocaine were injected into male

and female rats immediately after intra-NAc infusion of saline or CART 55-102, as

described in methods. A dose-dependent effect of cocaine alone on LMA in males and

females was observed. When the injection of cocaine was preceded by an intra-NAc

infusion of CART 55-102 there was an inhibitory effect of CART peptide on LMA (Fig 1).

When various doses of CART 55-102 were utilized in both males and females, CART

55-102 was effective in suppressing LMA in both sexes due to cocaine (10 mg/kg ip) at the

2.5 μg dose but not at the 1.0 μg dose (Fig 2). Generally, female rats in estrus were more

sensitive to cocaine relative to females in proestrus and CART peptide was effective in

attenuating cocaine (10 mg/kg ip) -mediated LMA generally, regardless of estrous phase

(data not shown).

As with cocaine, CART peptide suppressed DA-mediated LMA in both males and females

(Fig 3). In these experiments CART 1-27 was used as an additional control, as it has never

found to produce any effects: the effect of CART 1-27 was identical to that of saline in these

experiments. As expected it had no effect on DA-induced LMA.

The locations of the injections were determined as described in methods, and as expected

they were found throughout the extent of the NAc, but there was no systematic difference in

the locations in males compared to that in the females (Fig 4).

4. Discussion

The new finding of this study is that intra-accumbal CART 55-102 inhibits cocaine- and

DA-induced LMA in females, and that there are no sex differences in this effect. We

determined that the effect of cocaine on LMA is greater in females in the estrus phase than

in the proestrus phase, and this result agrees with similar evidence that shows that the effect

of cocaine is greater in the follicular phase than the luteal phase in humans (Sofuoglu et al.,

1999, Evans et al., 2002, Terner and de Wit, 2006, Evans, 2007, Evans and Foltin, 2010).

Additionally, in agreement with others, our results confirm that LMA induced by intra-

accumbal DA and ip cocaine is greater in females than in males (Sell et al., 2000, Walker et

al., 2001, Fuchs et al., 2005, Kippin et al., 2005, Quinones-Jenab, 2006, Becker and Hu,

2008, Parylak et al., 2008).
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Additional observations were confirmed and support previous data. Notably, CART 55-102

had no effect on basal LMA but blunted DA- and cocaine-induced LMA in males (Jaworski

et al., 2003). A previous study by showing that the non-active CART peptide CART 1-27

does not affect systemic cocaine-mediated LMA (Jaworski et al., 2003). This study

complements the previous study by showing that in addition, CART 1-27 does not alter

intra-NAc DA-mediated LMA. It appears that the regulatory action of CART55-102 only

comes into play when there is stimulation of the DA pathway. These blunting actions in

males, and now found in females, buttress the suggestion that endogenous CART peptide

regulates the actions of cocaine in the NAc. This regulation is such that CART peptide tends

to oppose the effect of large DA increases in the NAc, homeostatically restoring basal

activity (Jaworski et al., 2003, Jaworski et al., 2008, Rogge et al., 2008, Job et al., 2012).

While sex differences in cocaine-mediated LMA have been observed, there are numerous

reports that indicate that there are no sex differences in basal DA receptor mRNA (DA D1,

D2), dopamine transporter binding levels and tyrosine hydroxylase profile in the NAc of

adult rats (Festa et al., 2006, Wissman et al., 2012). Also, there are no sex differences in DA

(D1 and D2) receptor density in the NAc in adult rats (Andersen et al., 1997) though there

are sex differences during development (Andersen et al., 1997, Andersen and Teicher,

2000). Furthermore, acute cocaine administration did not change DA receptor binding in the

NAc of both males and female rats (Festa et al., 2006). Incidentally, there are no sex

differences in the effects of systemic DA D2 antagonist blockade of cocaine-mediated LMA

(Schindler and Carmona, 2002), giving some credence to the observations that there are no

sex differences in DA D2 receptors in the NAc. Since CART peptide attenuates LMA due to

combined intra-accumbal DA D1 and D2 activation (Moffett et al., 2011), the lack of sex

differences in DA D1 and D2 basal expression and binding properties after acute cocaine

administration may explain why there are no sex differences in CART peptide-mediated

suppression of cocaine-mediated LMA.

Like others, we have shown that there are sex differences in cocaine-mediated LMA, with

females showing a higher response than males. This observation may be partly due to higher

basal levels of DA in the NAc of females compared to males (Duchesne et al., 2009). It may

also be partly due to sex differences in cocaine-induced enhancement of structural changes

in spine density in the medium spiny neurons of the NAc, with greater female vs male

changes correlating with greater female vs male behavioral responses to cocaine (Wissman

et al., 2011, Wissman et al., 2012). But, as discussed in the previous paragraph, one can

infer that these sex differences may not even be due to DA because there is ample evidence

that DA systems in the NAc in males and females are not much different. This gives rise to

the idea that the sex differences in cocaine-mediated LMA may be due to DA system

differences between males and females in other regions of the brain apart from the NAc or

sex differences may be due to other neurochemicals in the NAc apart from DA.

Interestingly, even though CART peptide in the NAc is actively involved in regulating

cocaine-mediated LMA, it may not play a role in the mechanism of sex differences in

cocaine-mediated LMA in the NAc.

There are studies showing sex differences in CART peptide expression and function

(Fagergren and Hurd, 1999, Rondini et al., 2004, Balkan et al., 2006, Gozen et al., 2007, Xu
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et al., 2010, Battistoni et al., 2011, Gerrits et al., 2011, Hostetler et al., 2011, Rodrigues et

al., 2011, Bloem et al., 2012). These studies focused on CART mRNA. However, without

data on actual CART peptide protein levels, it is difficult to affirmatively conclude that

CART peptide content in brain is sexually dimorphic. Furthermore, even if CART peptide

levels are different between males and females, without data on actual CART peptide

receptor levels, it is hard interprete the significance of such a difference. Unfortunately, the

CART peptide receptor has not yet been cloned. In the absence of CART peptide protein

and receptor levels, one way to interprete the possible sex differences in CART peptide

function in the NAc is to determine if there are any differences in the downstream targets of

CART peptide in this region of the brain. Dopamine receptor-mediated actions in NAc

output neurons are thought to be such downstream targets of CART peptide modulation of

dopamine function (Hubert et al., 2008, Hubert et al., 2010). Again, as discussed in the

previous paragraph, the lack of sex differences in the downstream targets of CART peptide

(DA D1 and D2 receptor) may explain why we do not observe any sex differences in the

effect of CART peptide on cocaine-mediated LMA in the NAc.

Based on some preliminary experiments, we had reported in an abstract (Perry et al., 2012)

that there were possible sex differences in CART peptide’s effects on DA-mediated. But in

this more extensive study, we found no sex differences in the effects of CART peptide on

DA-induced LMA. The implication of our study is that CART peptide may be clinically

effective in attenuating the effects of cocaine in both males and females.
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Fig. 1. The effect of CART peptide on the LMA due to different doses of cocaine in male and
female rats (cocaine dose-response)
CART55-102 (2.5 ug) or saline was administered directly into the NAc of male and female

rats immediately before an ip injection of different doses of cocaine (0, 5, 7.5, 10 and 15

mg/kg ip) and LMA was measured. The groups and number of animals/group are shown in

Table 1. The y-axis represents total distance traveled in 90 mins and the detailed time

courses of LMA after treatment are not shown. The experiments were done in

counterbalanced design such that for each cocaine dose, all animals had both saline and

CART peptide treatments. The statistical analysis procedure was done as described in the

Methods section. For within subject effects (repeated measures design), there was a
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significant CART effect (F1, 35 = 32.509, ***P<0.0001), a significant CART x cocaine dose

effect (F4, 35 = 7.822, ***P<0.0001), no significant CART x sex interaction (F1, 35 = 1.941,

P = 0.171) and no significant CART x sex x cocaine dose interaction (F4, 35 = 1.073, P =

0.385). Between subjects, ANOVA showed a significant difference in sex (F1, 35 = 8.988,

***P = 0.005), cocaine dose (F4, 35 = 27.369, ***P<0.0001), but no sex x cocaine dose

interaction (F4, 35 = 2.197, P = 0.09). Bonferroni post hoc tests showed that for both sexes,

cocaine 10 mg/kg ip and cocaine 15 mg/kg ip increased LMA compared to saline and CART

blunted cocaine 10- and cocaine 15-mediated LMA. Bonferroni post hoc tests showed that

females are more responsive to cocaine 10 mg/kg ip and cocaine 15 mg/kg ip than males.

The significant differences after post hoc analysis are shown on the graph. The p-values *

show the differences when comparing saline + cocaine effects and saline + saline (controls)

between groups. The p-values # show the difference when comparing CART + cocaine and

saline + cocaine to each other within a cocaine dose group. The p-values ¶ show a

comparison between males and females within each cocaine-dose and CART treatment

group.

Job et al. Page 13

Neuropeptides. Author manuscript; available in PMC 2015 April 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Fig. 2. The effect of different doses of CART peptide on cocaine-10 mg/kg-mediated LMA in
male and female rats (CART peptide dose-response)
CART 55-102 (0.0, 1.0 and 2.5 μg) was administered directly into the NAc of male and

female rats immediately before an ip injection of saline or cocaine-10 mg/kg and LMA was

measured. The y-axis represents the total distance covered in 90 mins. For males and

females, the CART 0 + cocaine group is the same as in Fig 1, with other animals re-used for

the other groups. 2- way ANOVA determined a significant difference in sex (F1, 25 =

20.633, ***P < 0.0001), a significant difference in the effect of CART (F2, 25 = 12.034,

***P < 0.0001) and no CART dose x sex interaction (F2, 25 = 0.777, P = 0.470). Bonferroni

post hoc tests showed that, for both sexes, CART2.5 blunted cocaine-mediated LMA.

Bonferroni post hoc tests showed that females are more responsive to cocaine 10 mg/kg ip

than males. The significant differences after post hoc analysis are shown on the graph. The

p-values * show difference when comparing CART doses control (CART0 + cocaine)

within sex and p-values ¶ show a comparison between males and females within CART dose

treatment groups.
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Fig. 3. The effect of CART peptide on DA-mediated LMA in males and females
CART55-102 (2.5 ug), CART 1-27 (2.5 μg) or saline was co-administered alone or with

dopamine (DA)-15 μg (DA15) directly into the NAc of male and female rats and LMA was

measured. The groups and number of animals/group are shown in Table 1. The y-axis

represents total distance covered in 60 mins after infusion. The statistical analysis procedure

was done as described in the Methods section. 3-way ANOVA showed a difference in sex

(F1, 30 = 44.363, ***P < 0.0001), CART (F2, 30 = 13.307, ***P<0.0001), DA (F1, 30 =

51.251, ***P < 0.0001), CART x DA (F2, 30 = 7.043, ***P = 0.003) but no differences in

sex x CART (F2, 30 = 0.000429, P = 1.000), sex x DA (F1, 30 = 1.871, P = 0.182) and sex x

CART x DA (F2, 30 = 0.409, P = 0.668). Bonferroni post hoc tests showed that in both sexes
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(a) DA15 increased LMA compared to DA0, (b) CART 1-27 did not blunt DA15-mediated

LMA (c) CART 55-102 suppressed DA mediated LMA. Bonferroni post hoc tests showed

that (a) basal and DA15-mediated LMA was higher in females than in males. The significant

differences after post hoc analysis are shown on the graph. The p-values * show the

differences when comparing DA0 to DA15 (controls) between CART treatment groups, and

the p-values # show the difference when comparing saline, CART 1-27 and CART 55-102

within each DA-dose group. The p-values ¶ show a comparison between males and females

within each DA-dose and CART treatment group.
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Fig. 4. Histological analysis of injector tip placements in the NAc
The numbers in the left and right columns of the histological diagram show the distances

from Bregma as described in Methods. Males: filled circles. Females: open circles.
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Table 1
Summary of animal use

Details of the experimental designs, treatment paradigms and the number of animals used in the different

experiments. * Some animals used for the cocaine dose-response were re-used for the CART dose-response

study.

Cocaine dose-response experiment

Treatment Saline and CART (counterbalanced design) Cocaine (mg/kg ip) Number of males used Number of females used

0 7 3

5 3 4

7.5 6 4

10 6 4

15 3 5

Total 25 20

Dopamine experiments

Treatment Dopamine (μg/side) Number of males used Number of females used

Saline 0 4 3

15 3 4

CART 1-27 (2.5 μg/side) 0 3 3

15 5 3

CART 55-102 (2.5 μg/side) 0 3 3

15 4 4

Total 22 20
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