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Abstract
 This was an exploratory open trial in which young crack-cocaine-users and 
non-users were clinically examined. The participant’s right dorsolateral prefrontal 
cortex activity was analysed by an event-related potentials procedure under a cue-re-
activity paradigm. The patients group exhibited lower frontal executive scores. Ac-
cordingly, they exhibited lower right DLPFC activity for crack cues when compared 
with neutral cues while healthy subjects exhibited the opposite effect. Considering 
that the right DLPFC has an important role in executive functions, which is usually 
impaired in drug addicts, we suggest that any intervention that can improve its activ-
ity may have beneficial effects in drug dependence treatment.
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Introduction

      Crack-cocaine is a highly devastating drug. Its cerebral effects are im-
mediate, intense and fleeting, leading to compulsive use and increasing the risk of 
abuse and dependence. These dependents are routinely observed to have difficulties 
adhering to treatment, and the underlying abnormalities in the neural mechanisms of 
these patients are increasingly been studied. 
 Crack dependence is associated with structural and functional damage to 
prefrontal cortex[1]. Frontal lobe volume damage has been identified in subjects that 
are alcoholic[2-4], heroin-dependent[5] and cocaine-dependent[6,7]. This frontal area is 
broadly related to executive functions and to the brain’s reward circuitry[8-10]. Once 
this frontal area is impaired in drug users, the cognitive ability to regulate drug-seek-
ing behaviour is decreased and the risk of dependence is increased.  
 The Event-Related Potential (ERP) has emerged as an important technique 
to study the cognitive potentials underlying the presentation of a stimulus (i.e.,cue)
[11,12]. Experimental investigations of addictive phenomena using a cue-reactivity par-
adigm have been performed extensively[13-17]. One of the most studied endogenous 
ERP components is the P3 wave, which is the largest positive-going peak occurring 
within a time window generally between 250-600 ms. The P3 wave is typically ob-
served in more anterior brain areas[18] and it is sensitive to general and specific arous-
al effects that contribute to attention activation and information processing[19]. The 
P3 wave is also related to updating internal models about context and environment, 
which is triggered by event-related changes reflecting self-motion, supporting the 
view that cognition may be tightly interlocked with motor activity[19-21]. This link be-

tween cognition and motor activity is rel-
evant since patients with substance abuse 
disorder show cognitive deficits that could 
affect normal behavioural response before 
the drug. 
 A growing amount of evidence 
suggests that electroencephalographic ac-
tivity of cocaine users is increased in sev-
eral cerebral areas while is diminished in 
others in different situations[22]. These ar-
eas involve those related with craving and 
executive functions. Here, we examined 
the electrophysiological activity of right 
DLPFC of crack-cocaine abusers during 
the cue-reactivity paradigm. All data were 
replied with healthy control subjects.

Patients And Methods

Subjects
 This study included eighteen 
male participants: nine male crack-co-
caine users (aged 30.4 ± 5.6 SD) and nine 
healthy male control subjects (aged 25.2 
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± 4.2 SD). Substance abuse patients, as defined by the DSM-IV, 
were consecutively recruited from the Center for Psychosocial 
Care for treatment of crack dependence syndrome in Espirito 
Santo, Brazil.
 Treatment and data collection were conducted accord-
ing to the ethical principles in the Declaration of Helsinki, which 
are equivalent to those established by the Ethics Committee for 
Research at the Center of Health Sciences, Federal University of 
Espirito Santo, Brazil. This study is part of a project approved by 
this ethics committee under registration 296/10 and is registered 
at ClinicalTrials.gov under the identifier NCT01337297. 

General Procedures
 Subjects were fully informed about the experimental 
protocol and voluntarily signed an informed consent form. The 
experimental protocol consisted of a clinical examination that 
included the Frontal Assessment Battery (FAB) followed by 
ERP recording during the random visual presentation of three 
crack-related images and three neutral images. 

Frontal Function Assessment 
 The Frontal Assessment Battery (FAB), developed by 
Dubois et al.[23] was used to explore the following six different 
domains of executive function: 1) conceptualisation 2) mental 
flexibility 3) motor programming 4) sensitivity to interference 
5) inhibitory control and 6) autonomy. Each of these items is 
scored from 0 (zero) to a maximum of 3. Thus, the maximum 
score of FAB is 18. A trained examiner administered this assess-
ment.

Event-Related Potential (ERP)
 The recordings were made during the presentation of 
visual stimuli (i.e., cues) related to the consumption of crack-co-
caine (e.g., crack rocks, pipes or paraphernalia used for substance 
use, and someone inhaling the substance) or neutral images that 
were unrelated to the consumption of crack-cocaine (e.g., land-
scape, flowers, butterfly). Within each category (crack-related 
vs. neutral), the three types of images were presented 45 times, 
15 presentations of each image of the same class were randomly 
shown. Subjects were not asked to evoke motor response (like 
pressing the button) but rather they were only visualizing the 
pictures. Considering the two categories of images, there were 
90 visual presentations. Each image was presented for 1000 ms, 
at intervals of 2000 ms. The entire procedure lasted 4.5 minutes. 
For the analysis, the P3 ERP component from 350 to 600 ms 
of these 90 presentations was averaged (a 200 ms pre-stimulus 
period served as the baseline).
 With a monitor placed in front of the subject, a comput-
er ran a program (Presentation, Neurobehavioral Systems, Inc, 
Albany, CA) that enabled the analysis of the averaged evoked 
waves under each type of visual stimulus. The electrophysio-
logical recording was obtained through a 32-channel system 
(frequency filter: 0.016-1000 Hz; sample rate: 1000 Hz; ground: 
AFz; the average of mastoids as reference; analogue pass band 
of 1–10 Hz) with active electrodes (actiCAP BP; Brain Products 
Ltd, Munich, Germany) at locations based on the International 
10/20 system. 

Data Processing
 All EEG data were processed using Brain Vision Ana-

lyzer 2.0 Professional (Brain Products Ltd, Munich, Germany). 
Low-resolution brain electromagnetic tomography (LORETA) 
was applied to estimate the three-dimensional intra cerebral cur-
rent density distribution (μA/mm2). The region of interest (ROI) 
included Brodmann areas 9 and 46, corresponding to the right 
side of the DLPFC.

Statistical Analyses
 Data were presented as the mean and standard devia-
tion (SD). The mean amplitude of P3 ERP component was an-
alyzed via a non-parametric unpaired test, the Mann-Whitney 
test, as the activity (current density) did not fulfill the criteria 
for normality. A p-value < 0.0001 was considered statistically 
significant. GraphPad Prism 5.0 (GraphPad Software Inc, San 
Diego, CA, USA) was employed for statistical analyses and 
graphic presentations.

Results

 The sample of crack-cocaine users consisted of subjects 
with 5.3 ± 2.7 years of drug use and no more than one month of 
abstinence (13 ± 10.3 days). When compared with healthy sub-
jects, the patients presented lower FAB scores (11.9 ± 3.5 vs 
15.4 ± 1.3; p < 0.05; independent t-test), indicating that drug use 
may be associated with frontal lobe dysfunction.

P3 ERP Component - Difference Between Crack-Related 
and Neutral Images
 The EEG recorded during the drug cue reactivity para-
digm evidenced that the activity of the right DLPFC during the 
visualization of crack cues was significantly lower (p < 0.0001) 
than this ROI activity during the visualization of neutral cues in 
the crack dependents group. Controversially, the activity of the 
right DLPFC during the visualization of crack cues was signifi-
cantly higher (p < 0.0001) when compared with neutral cues in 
the control group. 

Figure 1: Current density in the P3 segment (350 – 600 ms) elicited by 
neutral or crack-related cue presentations in the right dorsolateral pre-
frontal cortex (right DLPFC). Data are represented for healthy subjects 
(control, N = 9) and crack users (N= 9). *p< 0.0001; Mann-Whitney test 
comparing neutral vs. crack cues in each group; mean ± SD.
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Discussion

 Here we observed that young male crack-cocaine us-
ers exhibited lower frontal executive scores when compared to 
gender and age-matched healthy subjects. Concurrently, we ob-
served that crack-cocaine users are more likely to show lower 
brain activity during P3 ERP component in the right DLPFC 
when processing crack-related images. 
 Though the spatial resolution is low, ERPs have an ex-
cellent temporal resolution, making this method ideally suited 
to investigate the time-course of emotional processing and drug 
cue reactivity. Importantly, neural generators of the ERP compo-
nents invoke cortical regions that play an integral part in the cy-
cle of drug addiction[24]. The P3 component is probably the most 
widely used ERP measurement in psychiatric and other clinical 
applications, and its amplitude has been considered to indicate 
the allocation of attentional resources[19,25].
 Cocaine dependence has been frequently associated 
with low activation in the frontal, parietal and temporal cortical 
regions, especially during conditions requiring high cognitive 
control, such as in decision making[26]. Such conditions may lead 
individuals to develop increased risk for addictive behaviours. 
This cerebral hypofunction involving substantial cortical fron-
tal dysfunction has been strongly correlated with drug addiction 
[for review see 24]. 
 Cognitive dysfunction induced by psychostimulants 
has been related to low activation in the prefrontal cortical 
area[27] and reduced prefrontal cortical volume[1]. Once the pre-
frontal cortex has extensive connections with mesolimbic struc-
tures, any prefrontal dysfunction is usually associated with ad-
ditional changes in subcortical area[28]. Cocaine abusers that are 
abstinent for one week to several months had significantly lower 
values of D2 binding in the striatum when compared to normal 
subjects, and this D2 deficiency was correlated with decreased 
metabolism in the frontal lobes region[29,30]. Dysfunction in cor-
tical-subcortical circuits seems to be related to the difficulty of 
ceasing drug use because of the loss in the ability to control and 
inhibit prepotent responses related to craving and others impul-
sive-compulsive behaviours[7,31].
 The association between P3 amplitude and cue-reactiv-
ity has been described in volunteers with a history of cocaine 
use[32,32] and other drug use[34,35]. These studies report increased 
craving after the presentation of drug-related cues, as well as an 
increased P3 amplitude. Significantly higher amplitudes in ERPs 
were also found after the presentation of alcohol-related words 
when compared to words unrelated to alcohol in alcohol-depen-
dent patients but not in non-alcoholic controls[36,37]. Our present 
data is controversial, and one possibility is that most protocols 
using this paradigm ask for subjects to press some button while 
they are visualizing the target picture. Here, the subjects were 
not asked to evoke motor response, rather, they were only ob-
serving the images. This is a key point that needs to be more 
investigated. For now, we suggest a different recording profile 
task-dependent. The authors agree that the number of subjects 
involved in this preliminary study is relatively low and, though 
the relevant result, this is a limitation in the full interpretation of 
these data. 

Conclusion

 This was an exploratory study showing that in addition 
to a clinical frontal lobe hypofunction observed in crack-cocaine 
users, electrophysiological data indicate a lower right DLPFC 
activity. 

Recommendations 
 Considering that the DLPFC has an important role in 
executive functions, which is usually impaired in drug addicts, 
we suggest that any intervention that can improve its activity 
may have beneficial effects in drug dependence treatment and 
this protocol can be used as a parameter of evaluation.
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