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Abstract

Background—A major goal of treatments for cocaine addiction is to reduce relapse-associated
cravings, which are typically induced by environmental stimuli associated with cocaine use and
related to changes in dopamine neurotransmission.

Methods—The present study utilized an animal model of cocaine seeking to determine
functional consequences of cue exposure using [18F]fluoro-deoxyglucose (FDG) and PET and to
relate findings to juvenile levels of dopamine transporter and D2-like receptor availabilities
determined prior to any drug exposure. Adult male rhesus monkeys (N=11) self-administered
cocaine (0.2 mg/kg/injection) under a second-order schedule of reinforcement, in which
responding was maintained by conditioned reinforcers. PET scans assessing glucose utilization, a
marker of functional activation, were conducted during cocaine-cue responding and food-
reinforced responding in a context where cocaine was never available.

Results—Compared to the non-cocaine condition, we found significant functional activation in
the medial prefrontal cortex, anterior cingulate, precuneus region of the parietal cortex, and
striatum; findings similar to those reported in human cocaine abusers. Furthermore, these
functional activations in the prefrontal, cingulate and parietal cortex measured during cocaine-cue
responding were significantly correlated with juvenile measures of DAT availability, while no
significant relationship with prior D2-like receptor availability was observed in any brain region.

Conclusions—The similarity between the present findings and those in human cocaine users
supports the use of this model for examination of factors that impact the development and intensity
of cue-induced drug seeking, and provide evidence for potential biomarkers for the evaluation of
potential treatments (behavioral and pharmacological) for cocaine abuse.
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INTRODUCTION

A major obstacle for successful treatment of cocaine dependence is the intense cravings
manifested by emotional, cognitive, and physiological signs and symptoms. These cravings
can be brought on by stress, or often by exposure to stimuli that have been associated with
cocaine use. Such cue reactivity is thought to play an important role in maintaining ongoing
drug use as well as in precipitating relapse, even after prolonged periods of abstinence.
Therefore, understanding the neurobiological basis of cue reactivity is critical for developing
effective treatments for substance abuse.

It is not surprising then, that there have been extensive investigations focused on
understanding the underlying behavioral, motivational, and cognitive factors that modulate
cue reactivity. A number of recent reviews have identified such factors as addiction severity,
withdrawal status, abstinence duration, polydrug use, and the type of environmental stimuli
(1-5) as determinants of the magnitude of responses to drug-associated cues. Brain imaging
studies, with positron emission tomography (PET) and functional magnetic resonance
imaging (fMRI), have shown patterns of functional activation in regions such as the dorsal
and ventral striatum, anterior cingulate, amygdala, and prefrontal and parietal cortex in
response to cues associated with cocaine use and availability (6—12). The role of these
circuits can be difficult to study systematically in addict populations given the complex
confounds, including poor self-report of drug histories, presence of co-morbid psychiatric
illness, pre-existing differences in cognitive ability and education, and variability of duration
of drug use and abstinence attempts.

One way to obviate these issues is to use preclinical models in which carefully controlled
experiments can isolate the influence of individual variables. Preclinical animal models can
provide accurate regulation of drug exposure in terms of duration of exposure, total intake,
and use of other drugs, and can control for the impact of differences in experiences with the
environment. Therefore, a goal of this study was to utilize a preclinical model of cue
reactivity in cocaine self-administering nonhuman primates that would closely parallel
studies in human addicts. Monkeys self-administered cocaine under a second-order schedule
of reinforcement, in which cocaine seeking was maintained by conditioned stimuli, until the
monkey received a cocaine injection that ended the session. We used [*8F]fluoro-
deoxyglucose (FDG) in combination with PET to measure patterns of metabolic activity in
response to the presentation of cues associated with cocaine self-administration, and
compared those to patterns obtained in response to cues associated with an environment in
which the same animals responded for food reinforcement, but never received cocaine.

Another goal was to evaluate potential factors that may influence cue reactivity. We first
considered the impact of two cocaine-related factors: total lifetime drug intake, and response
rates under the second-order schedule. Secondly, since dopamine transporter (DAT) and
dopamine D2-like receptor availabilities had been assessed previously with PET in each of
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these monkeys as juveniles, and prior to any drug exposure (13), we considered the
relationship between DAT and D2-like receptor availabilities and the metabolic responses to
cocaine-related cues as measured with FDG. These pre-existing markers may provide an
index of vulnerability to drug-associated cue reactivity. We report a pattern of neural
activation that accompanies the presentation of cocaine-associated cues and environmental
context in nonhuman primates similar to that observed in human cocaine addicts.
Furthermore, we show significant relationships between this pattern and pre-drug exposure
DAT availability.

METHODS AND MATERIALS

Subjects and Apparatus

Eleven individually housed adult male rhesus monkeys (Macaca mulatta), ~6 years old,
surgically implanted with indwelling intravenous catheters and subcutaneous vascular access
ports (VAP; Access Technologies, Skokie, IL), with histories of cocaine and
methylphenidate exposure as previously reported (13, 14), served as subjects (see Table 1).
As described previously (13), five days per week, each monkey was seated in a primate chair
and placed into a ventilated, sound-attenuating operant chamber (1.5 x 0.74 x 0.76 m; Med
Associates, St. Albans, VT). Monkeys were weighed weekly and fed enough food daily
(Purina Monkey Chow and fresh fruit and vegetables) to maintain body weights at ~98% of
free-feeding levels. Water was available ad /ibitum. Animal housing, handling, and
experimental procedures were performed in accordance with the 2011 National Research
Council Guidelines for the Care and Use of Mammals in Neuroscience and Behavioral
Research and were approved by the Institutional Animal Care and Use Committee (IACUC)
of Wake Forest University. Environmental enrichment was provided as outlined in the Wake
Forest University IACUC Non-Human Primate Environmental Enrichment Plan.

Second-order schedule training

Sessions began with illumination of the houselight and white light above a photo-optic
switch (finger poke, either the right or left; counterbalanced between monkeys). During the
10-s cocaine injection, the white light above the switch was extinguished, and the red light
was illuminated. All monkeys had previously been trained to respond under a fixed-ratio
(FR) 30 schedule of reinforcement (13). For the present study, the schedule was changed to a
fixed-interval (FI) 300-s schedule of cocaine presentation, in which the first response after
300 s resulted in a 10-s cocaine injection. Monkeys were exposed to gradually increasing FI
values, beginning with FI 30-s, over approximately 8-12 weeks until the final FI 300-s was
obtained. The cocaine dose was initially 0.03 mg/kg/injection and sessions lasted 2 hr or
until 20 injections had been obtained. After ~15 sessions, the cocaine dose was increased to
0.1 mg/kg/injection for approximately 30 sessions. Finally, as the monkey approached a total
intake of 100 mg/kg, the dose was increased to 0.2 mg/kg/injection and the session length
was lowered to 1 hr or 10 injections, whichever occurred first. Monkeys continued to
respond under the FI 300-s schedule of 0.2 mg/kg cocaine until they had received a total
cocaine intake under the FI contingency of approximately 100 mg/kg (including training
with the lower doses). This total dose was chosen because we have previously shown that
this intake produces robust changes in DA measures (15, 16).
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Next, monkeys began training under the second-order schedule. First, the conditions were
changed to a second-order FR 2 (FI 300-s: S) schedule of reinforcement such that the first
response after 300-s resulted in extinction of the white lights and a 2-sec illumination of the
red (“S™) lights (FR 1), followed by a return to the FI 300-s schedule, with the next Fl
completion (FR 2) resulting in a 10 sec 0.2 mg/kg cocaine injection (with illumination of the
red lights and extinction of the white lights for 10 sec). Under these conditions, sessions
ended after 5 cocaine injections or 1 hr. After 5-10 sessions, the schedule was changed to
FR 3 (FI 300-s: S) and sessions ended after 4 injections or 1 hr and then to an FR 4 (FI 300-
s: S) schedule with sessions ending after 3 injections or 1 hr. Under the final schedule
parameters [FR 5 (FI 300-s: S)] sessions ended after 1 injection or 30 min. The primary
dependent variable was response rates per FR. Mean data were analyzed with a one-way
repeated-measures ANOVA and Newman-Keuls post-hoc tests analysis; P< 0.05was
considered significant.

Non-Cocaine Condition

During this same training period, all animals were trained to respond for 190 mg sucrose
pellets in another room. During these non-cocaine conditions, monkeys were placed in a
room and sound attenuating chambers distinct from their cocaine self-administration
chambers. Monkeys were trained to touch a screen (0.3 x 0.23 m) using the Cambridge
Neuropsychological Test Automated Battery (CANTAB; Lafayette Instruments, Lafayette,
IN) apparatus. These CANTAB stations (0.38 x 0.56 x 0.31 m) were located in sound-
attenuating, ventilated chambers (0.8 x 0.8 x 1.32 m) that included a non-retractable
response lever, and a pellet receptacle located to the right side of each panel. For this
condition, monkeys responded on a touch screen, when a purple box was presented, for the
delivery of a pellet (FR 1); the purple box filled most of the screen. Sessions lasted 25
minutes and occurred 1-2 times per week for the duration of the study. Second-order
responding was studied on the same days as CANTAB responding, but occurred at least 3
hrs after the end of the touch screen session. The primary dependent variable was number of
reinforcers earned.

FDG Studies

Measurements of rates of cerebral glucose metabolism (CMRglc) were carried out in all
eleven monkeys under two conditions: non-cocaine condition, involving the touch screen,
and cocaine cue condition in the chambers in which they self-administered cocaine. All
animals were acclimated to PET conditions so that behavior was not influenced by these
procedures. A minimum of 10 sessions under the FR 5 (FI 300-s: S) schedule occurred
before the first FDG PET study. At least 7 days separated non-cocaine and cocaine cue FDG
studies. Scans were counter-balanced.

Because 40 min were required for incorporation of FDG into the brain, on the day of an
FDG scan, the second-order schedule was changed to an FR 8 (FI 300-s: S) schedule of
reinforcement, such that the monkey responded during that entire session solely for the
cocaine-related cue (red light) and did not self-administer cocaine in that session. That is,
the session was terminated by the investigator at 40 min (before a cocaine injection could
have been obtained), and the monkey was sedated with ketamine while still in the chamber
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and transported to the PET Center. Likewise, for the non-cocaine condition FDG study,
session length was 40 minutes. Monkeys were allowed to receive 150 mg sucrose pellets
while in the non-cocaine condition and earned, on average, 35 pellets.

On the day of the scan, animals were placed in their chambers and a baseline blood glucose
sample was obtained through the VVAP. This was followed 2 minutes later by a 30 s injection
of 5-7 mCi of [18F]-FDG through the VAP followed by a 5 ml flush of sterile saline. All
procedures were carried out with the chamber door closed to prevent disturbing the monkey.
At the end of 40 minutes monkeys were rapidly anesthetized with ketamine (10 mg/kg, i.v.)
and a blood sample was obtained via the saphenous vein for glucose determination. Sedated
animals were transported to the PET center where scanning began approximately 60 minutes
after FDG injection. During the scan, anesthesia was maintained by isoflurane and core body
temperature, blood pressure and O, levels were monitored.

PET scans were carried out on a GE 16-slice PET/CT Discovery ST Scanner with 24
detector rings that provide 47 contiguous image planes over a maximum 70 cm transaxial
field of view with CT attenuation correction. Axial spatial resolution of this scanner is 2.97
mm at the center of the gantry. Scans consisted of a 5 min transmission scan acquired in 2D
mode, followed by a 10 min emission scan acquired in 3D mode. The image reconstruction
of the 3D data used the 3D-reprojection method with full quantitative corrections and was
smoothed using a 3.0 mm Gaussian filter transaxially and then segmented. Magnetic
resonance imaging (MRI) scans were acquired earlier (13) and used for co-registration.

Image Processing and Analysis

PET data were analyzed using Statistical Parametric Mapping (SPM8) software (http://
www.fil.ion.ucl.ac.uk/spm/) implemented in MATLAB (MathWorks, Natick, MA).
Reconstructed images for each scan were co-registered to corresponding structural T1
weighted MRI using automated image registration; they were normalized to standard atlas
space with an FDG template constructed in our laboratory based on procedures of Maldjian
et al. (17). All images were processed by applying plasma glucose and radioactivity values
measured during uptake and scanning using the MRGIu option of the FDG Autorad module
in PMOD 3.4 (PMOD Technologies Ltd. Zurich, SW). Resultant images were spatially
smoothed using a 2 mm isotropic Gaussian kernel with a voxel size of 1 x 1 x 1 mm.

Effects at each voxel were estimated according to the general linear model using the multi-
subject conditions and covariates option in SPM with a minimum threshold of p < 0.005.
Correction for multiple comparisons was accomplished by correction at the cluster level. In
accordance with previous studies of FDG in nonhuman primates (18-21), contrasts across
non-cocaine and cocaine-cue conditions were accomplished using paired t-tests.
Proportional scaling was utilized to account for variations in global signal between sessions.
Color-coded maps of statistical significance were projected onto the MRI template.

Correlations

As part of an earlier study, DAT and D2-like receptor availabilities were measured using
PET prior to any cocaine or methylphenidate exposure when animals were between 24 and
30 months of age (13). To assess whether D2-like receptor or DAT availability was
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predictive of the response to the presentation of cocaine-associated cues, voxel-wise
correlations between distribution volume ratio (DVR) values in the striatum and normalized
CMRglc values were measured using SPM8. Significance was set at P<0.01 (uncorrected >
100 voxels). Pearson product moment correlations were calculated between DVRs and
relative regional metabolic measures calculated in regions of interest based on significant
clusters in the regression analysis. A similar strategy was used to calculate relationships
between the metabolic response to cocaine-cues and total cocaine intake and average self-
administration response rates.

Behavioral measures

Response rates varied under the FR5 (FI 300-s: S) schedule of 0.2 mg/kg cocaine for the 11
monkeys (range 0.03-0.74 resp/sec; Table 1). For the group (Fig. 1A), response rates within
each FI 300-s varied as a function of the FR value [F(4,10) = 6.23, P<0.005], with lower
response rates associated with responding during the first FR compared to later components
[FR 3, FR 4 and FR 5, all P<0.05]. However, there was individual-subject variability
associated with patterns of responding within the second-order schedule. Representative
examples of varying patterns of responding are shown in Fig. 1. Six monkeys responded at
very low rates in the early FR components, with increases in responding later in the session
(Fig. 1B), one monkey showed high rates early and lower rates later in the session,
resembling an inverted-U shaped function (Fig. 1C), and four monkeys showed stable
responding across each FR (Fig. 1D). Irrespective of the pattern, all monkeys completed
each FR and received 0.2 mg/kg cocaine to end the session. The mean total lifetime cocaine
intake prior to the first FDG study was 137.13 (+ 5.9) mg/kg and the range was 113-175
mg/kg (Table 1). During the FDG study, the schedule was changed to FR8 (FI 300-s: S) in
order to assure that monkeys did not receive Porrino, L.J 10 a cocaine injection during the
FDG incorporation. Overall response rates under this schedule were not significantly
different from mean baseline response rates (data not shown).

Effects of cocaine cues on glucose utilization measured with PET

The results of the whole brain SPM analysis of the effects of the presentation of cocaine-
associated cues as compared to the presentation of non-cocaine (CANTAB chamber) cues
are shown in Table 2 and Fig. 2. SPM analysis showed increases in 4 clusters (threshold P <
0.005, false-discovery rate corrected at the cluster level, < 0.05). These included the
anterior cingulate, precuneus/cuneus, medial prefrontal cortex and the caudate region of the
striatum. There were no significant clusters for the comparison Non-cocaine > Cocaine Cue
even when the threshold was lowered to £< 0.05.

Effects of cocaine cues and correlation with behavioral measures

Secondary analyses were conducted to evaluate the relationship between some potential
factors that have been identified as contributors to the intensity of craving in human studies
(1, 2, 4, 22) and patterns of cue-associated brain activation. The correlation analyses (Fig.
3A) showed that there was a negative relationship between total lifetime cocaine intake and
relative glucose utilization in response to cue presentation in a large cluster that
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encompassed the dorsolateral prefrontal cortex and striatum (r=-0.59; P=0.032; k=
2328). There was also a significant positive relationship between average response rates over
the session and relative glucose utilization in a cluster that spanned the cuneus and
precuneus areas (r=0.83; P=0.043; k= 2474) (Fig. 3B). Measures of responding during
non-cocaine (CANTAB) sessions did not correlate with patterns of brain activation during
cocaine-cue or non-cocaine conditions.

Effects of cocaine cues and correlation with pre-drug exposure dopamine measures

The correlation analyses also showed a significant positive association (r= 0.79; £=0.050;
k=1601) between relative glucose utilization in a cluster that encompassed the anterior
cingulate gyrus and the medial prefrontal cortex and previously obtained measures of DAT
availability in the dorsal striatum (Fig. 4A). In addition, there was a significant positive
correlation (r=0.84; P=0.008; k= 2059) between DAT availability in the ventral striatum
and glucose utilization changes in a cluster that included the precuneus and posterior
cingulate (Fig. 4B). There were no significant negative correlations. In contrast, the
availability of D2-like receptors, as reflected by DVRs, did not correlate with responses to
cues in any brain region. Neither DAT nor D2-like availability correlated with patterns of
brain activation during non-cocaine conditions.

DISCUSSION

The present study examined the effects of cocaine-associated cue exposure on functional
brain activity, in monkeys self-administering cocaine, as measured with FDG and PET.
Similar to what has been reported in human cocaine addicts, cue exposure elicited functional
activation in a network of brain regions that included the medial prefrontal cortex, anterior
cingulate cortex, precuneus, and striatum (6-12). The results of the present study also
revealed significant relationships between cocaine history and the expression of cue-elicited
functional activation in prefrontal cortex and striatum, as well as response rates and
precuneus activity. The data further demonstrate a positive correlation between measures of
DAT, but not D2-like receptor availability (assessed as juveniles prior to any drug exposure
or experimental procedures) and metabolic activity elicited by cocaine cues. These
correlations may provide new insights into the variables that play an important role in the
predisposition to, and the expression of, reactivity to cocaine-associated environmental cues.

Studies in cocaine users employ a variety of approaches to engender cue-elicited craving.
Videos of drug-related scenes or actual drug paraphernalia are often shown to subjects, or
personalized scripts of drug experiences have been used and compared to various “neutral”
conditions. Given the broad range of paradigms and differences among subjects, it would be
expected that many circuits and brain regions have been associated with reactivity to cocaine
cues including the anterior cingulate, striatum, prefrontal cortex, amygdala, insula, and
posterior cingulate/inferior parietal cortex. There has been some distinction between the
effects of cue exposure in treatment seekers vs. non-treatment seekers, with the amygdala
activated in treatment seekers and dorsolateral and orbital prefrontal cortex, posterior
cingulate/precuneus, and occipital areas showing stronger activations in non-treatment
seekers (7, 10, 23). Despite the differences in species and paradigms, the network of
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structures identified here is highly consistent with those identified in cocaine users, but
especially in non-treatment seekers, substantiating this network as key to the neural response
to drug cues.

In the current study average cue-maintained response rates during second-order sessions
were used as an indicator of cocaine motivation and were shown to be related to cue-elicited
functional activity in the inferior parietal/precuneus region. It is important to note that these
measurements were made in the environment in which the animals received drug. Although
different from many human studies, where assessments are made in a laboratory setting
quite distinct from where users typically experience cocaine, there is again much overlap in
the areas related to craving intensity. Recent meta-analyses have identified consistent
relationships in regions that include the inferior parietal cortex, visual cortical regions, and
precuneus (1, 2, 5). The role of the precuneus in integrating such high-order tasks as
attention to visual cues and preparation for goal-directed actions (24) is consistent with the
recruitment of attention mechanisms in response to cocaine cues, as well as with studies of
attentional bias to cocaine cues (25) where such bias has been shown to correlate with
activity in neural networks including the precuneus (26). While this area is not generally
thought to be a component of the reward circuit, activation here could serve as an important
biomarker for treatment.

A role for the precuneus is further emphasized by the fact that this area, along with the
prefrontal cortex and anterior cingulate, was among those regions in which the intensity of
the response to cocaine was greatest in monkeys with the highest levels of pre-drug striatal
DAT availability. Indeed, the relationship of striatal DAT availability to metabolic activity in
the precuneus region following cocaine cues mirrored the relationship of metabolic activity
and response rates (cocaine seeking) in this region. These data suggest that cocaine cue-
induced responding, although coded in the ventral striatum, may be heavily influenced by
attentional processes.

The importance of the DAT has also been suggested by studies that have shown that rats
showing greater responsiveness to cocaine have higher DAT (27, 28). In the current study,
because DAT measurements were made as juveniles, prior to any drug exposure, this could
be considered akin to studies of the relationship of genetic variation in the DAT to drug-
related cue responding in substance abusers. Moeller and colleagues (29) have demonstrated
that, among current cocaine users, carriers of the DAT 9-R allele showed an increased
responsiveness to drug cues. In this study, there was a significant interaction between
cocaine cues and DAT allele type within the prefrontal cortex, one of the regions in which a
significant correlation was seen in the current study. These authors interpreted their findings
to suggest that higher DAT availability in the DAT1 9-R carriers (30, 31) resulted in reduced
tonic DA levels. This could magnify the decreases in DA produced by prolonged cocaine use
(32, 33), further accentuating the effects of cocaine exposure. Although there remain
differences in the interpretation of the consequences of the DA77 9-R genetic variation (29—
31, 34-36), taken together with the preclinical findings, there are clear indications of
significant contributions of the DAT to the addiction process and further suggest the DAT as
an important target for medication.
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Although the role of D2-like receptors in vulnerability to cocaine abuse, as well as in the
consequences of chronic cocaine abuse, has been well-established in both clinical and
preclinical studies (see, for example, 16, 32, 37, 38-41), D2-like receptor availability did not
predict functional activation in response to cocaine-cue exposure in the current study. These
results may seem surprising in view of the effects of D2-like receptor antagonists on
reinstatement in preclinical models (42—44), however, in contrast to reinstatement studies in
which subjects (by definition) must have a cocaine history of self-administration, the D2-like
receptor measures used in the present study were obtained prior to any cocaine or other drug
history. Using within-subjects designs, PET measures have shown changes in D2-like
receptor availability (16), but not DAT availability (45) following cocaine exposure, so the
baseline measures do not necessarily represent current availability, but rather reflect basal
levels unaffected by drug exposure. Future studies should examine the relationship between
D2-like receptor availability in monkeys with more extensive cocaine histories and
metabolic responsiveness in the presence of cocaine cues.

Each of these animals had a prior history of methylphenidate self-administration (14). It is
difficult to compare the two drugs due to differences in the paradigms and the limited
opportunities for methylphenidate consumption. This may account for the absence of any
correlations between cocaine and methylphenidate intakes, as well as the absence of any
relationship to dopamine markers (data not shown). A subset of animals (n=4) had been
treated with extended release methylphenidate (13, 14). As demonstrated previously, this
exposure did not alter cocaine or methylphenidate self-administration or dopamine markers,
nor were there any differences in the current study between treated and untreated animals.

In conclusion, we have shown that exposure to cues associated with cocaine reinforcement,
when compared to exposure to stimuli never associated with cocaine availability, produced a
pattern of increases in glucose utilization in a network of brain regions that included the
anterior cingulate cortex, medial prefrontal cortex, dorsal striatum and precuneus region of
the parietal cortex in a nonhuman primate model of cocaine self-administration. These
findings are highly consistent with reports in human addicts, suggesting the validity of this
approach as a platform for investigations of potential cocaine treatment medications and of
key factors contributing to the severity of craving without the confounds inherent in human
studies.
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Figure 1.
Rate of responding (responses/second) in each component (fixed-ratio, FR) of a second-

order FR 5 (fixed-interval 300-s: S) schedule of cocaine (0.2 mg/kg) reinforcement. A: Mean
(= SEM) data; N=11. B-D: Representative data from individual monkeys demonstrating
different patterns of responding across the session.
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Figure 2.
Areas where regional relative rates of cerebral metabolism are significantly greater during

exposure to cocaine-associated cues as compared to exposure to an environment never
associated with drug (Cocaine > Non-Cocaine). Data were analyzed in SPM8 with images
thresholded at < 0.005 corrected for multiple comparisons at the cluster level (false
discovery rate, £< 0.05). Areas of activation in medial prefrontal cortex, dorsal striatum,
anterior cingulate cortex and precuneus are shown on T1 weighted MR structural images.
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Figure 3.
SPM results for voxelwise correlations between behavioral variables and rates of relative

glucose metabolism during exposure to cocaine-associated stimuli. A. Rates of relative
glucose metabolism in the dorsal striatum were negatively correlated with total lifetime
cocaine intake. B. Rates of relative glucose metabolism in the inferior parietal/precuneus
area were positively associated with average response rates during second order schedule
cocaine sessions.

Biol Psychiatry. Author manuscript; available in PMC 2017 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Porrino et al.

>
W

Page 16

Group (N=11) R-1622
2 051 ® 1.0
5 5
20O 04 - Q9 0.8 -
8% 8%
o g3 X g gg -
S o 5
ET,,’ 0.2 - o o 04
< 9 =
£ £4
S8 014 S 021
g g
i: 0.0 T T T T T L 0.0 T T T T T
1 2 3 4 5 1 2 3 4 5

Fixed-Ratio Value

o
O

R-1547

9,
o
]
=
o
1

o
»
L
=
'S
1

S
[N
L

e
N
Rates (resp/sec)

Fixed-Ratio Value

R-1617

-l .~

Fixed-Interval Response
Rates (resp/sec)
Fixed-Interval Response

=
o
o
=)

Fixed-Ratio Value

Figure 4.

L) L]
2 3 4 5

-

Fixed-Ratio Value

SPM results for voxelwise correlations between dopamine transporter (DAT) availability
measured prior to any drug exposure and rates of relative glucose metabolism during
exposure to cocaine-associated stimuli. A. Rates of relative glucose metabolism in a cluster
encompassing the medial prefrontal cortex and anterior cingulate were correlated with DAT
availability in the dorsal striatum. B. Rates of relative glucose metabolism in the precuneus
area were positively correlated with DAT availability in the ventral striatum.
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