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Abstract
Based on prior clinical trials indicating that γ-aminobutyric acid (GABA) based anticonvulsant
medications reduce drug craving in cocaine dependent study participants, we tested the effects of
valproate treatment on cue-induced cocaine craving. Crack cocaine dependent individuals (N=20)
were tested in a randomized, placebo-controlled, within-subjects, crossover study design. Valproate
treatment was titrated up to 1500 mg/day by Day 6 of treatment, cue testing was completed on Day
8 of treatment, and all study participants underwent a washout period of 5 days between active and
placebo medication treatment periods. Testing included both cocaine and neutral cue exposure
sessions, presented in a random and counterbalanced order. Main effects of cue exposure were found
for subjective ratings of “desire to use cocaine now”, the cocaine craving index, cocaine-like high,
and cocaine withdrawal. Treatment interaction effects were found with “desire to use cocaine now”,
which underwent a greater increase following cocaine cue exposure in the valproate condition. Main
effects of medication treatment were found, in which lower blood pressure and heart rate, and higher
plasma cortisol levels, were associated with valproate treatment. Valproate treatment was also
associated, at a trend level, with higher pre-test cocaine craving levels. The results demonstrate that
cocaine cue reactivity is a robust phenomena across two assessment sessions, but fail to support the
use of valproate as a means of reducing spontaneous and cue-induced cocaine craving. The use of
valproate as a treatment for cocaine dependence is not supported.
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1. Introduction
Cocaine dependence is a significant public health problem associated with serious medical,
psychiatric, social and economic consequences. Treatment for cocaine dependence at present
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is primarily psychosocial counseling (Carroll, 2000, 2005). Unlike substitution treatment for
opiate or nicotine dependence, or naltrexone or acamprosate treatment for alcohol dependence,
no pharmacological agent is currently approved for the treatment of cocaine dependence (Vocci
and Ling, 2005).

Cocaine causes abnormalities in the γ-aminobutyric acid (GABA) system. Chronic cocaine
treatment results in the down regulation of GABA-A receptor alpha, beta and gamma subunits
(Suzuki et al., 2000) and a decrease in endogenous GABA release in the striatum (Jung et al.,
1999) of rats. Cocaine abusers show significantly greater sensitivity to a challenge dose of
lorazepam, a benzodiazepine which enhances the activation of GABA receptors, both in terms
of enhanced sedative effects and greater reductions in cerebral metabolism (Volkow et al.,
1998). Baclofen, a GABA receptor agonist, and gamma-vinyl GABA, which elevates
endogenous GABA levels via inhibition of GABA transaminase (GABA-T), have both been
shown to inhibit cocaine self-administration (Brebner et al., 2000), attenuate cocaine cue-
induced behavioral activity (Franklin & Druhan, 2000) and reduce cocaine induced mesolimbic
dopamine release (Gerasimov et al., 2000) in rats. Recently, two open-labels trials with gamma-
vinyl GABA (Brodie et al., 2003, 2005), and placebo-controlled trials with GABAergic
medications baclofen (Shoptaw et al., 2003) topiramate (Kampman et al., 2004) and tiagabine
(Gonzalez et al., 2003, 2007), found evidence for efficacy in treating cocaine dependence.

Valproate (Depakote®), an anticonvulsant medication which enhances neuronal GABA levels
by increasing glutamic acid decarboxylase (GAD) activity and inhibiting GABA-T (Loscher,
1993; Phillips & Fowler, 1982), has a similar pharmacological profile to gamma-vinyl GABA
with regards to inhibition of GABA-T. It has also been shown to inhibit cocaine and
methamphetamine induced seizures (Hanson et al., 1999; Derlet & Albertson, 1990) and block
the expression of methylphenidate sensitization (Yang et al., 2000) in rats. In cocaine dependent
study participants, open-label treatment with valproate (1500 mg/day) resulted in a 60%–70%
decrease in self-reported cocaine craving and cocaine positive urine screens (Myrick et al.,
2001). Further investigation of open-label valproate treatment (2000 mg/day) found a
consistent trend towards a decrease in cocaine abuse from baseline, verified by cocaine free
urine samples (Halikas et al., 2001). These findings suggest that valproate produces a reduction
in cocaine craving and use, and may potentially be of therapeutic value in the treatment of
cocaine abuse.

Over the past several years numerous studies have demonstrated that environmental cues
previously associated with cocaine use will consistently induce cocaine craving in cocaine-
dependent individuals (Ehrman et al., 1992; O’Brien et al., 1990; Berger et al., 1996; Reid et
al., 1998, 2008). This behavior is readily elicited in a clinical laboratory setting by means of a
standardized cocaine cue procedure involving both visual/audio presentation and cocaine
paraphernalia handling (Ehrman et al., 1992; Reid et al., 1998, 2008). Numerous groups have
proposed cue-induced cocaine craving studies as a method for rapid screening of potential
pharmacotherapies for cocaine addiction treatment. These studies have tested the effects of
bromocriptine (Kranzler & Bauer, 1992), amantadine (Robbins et al., 1992), haloperidol
(Berger et al., 1996), ritanserin (Ehrman et al., 1996), nicotine and mecamylamine (Reid et al.,
1998, 1999), baclofen (Brebner et al., 2002), and tryptophan depletion (Satel et al., 1995) on
cocaine cue reactivity. Some studies that found a reduction in cue-induced craving (Berger et
al., 1996; Reid et al., 1998, 1999; Brebner et al., 2002) were then followed-up by pilot studies
investigating the same, or similar, medications for the treatment of cocaine dependence. While
mecamylamine (Reid et al., 2006) and dopamine receptor antagonists (Grabowski et al.,
2000; Reid et al., 2005) were found to be ineffective, studies on baclofen treatment found
positive evidence for efficacy in the treatment of cocaine dependence (Shoptaw et al., 2003).
The present study employed cue-induced cocaine craving assessments in crack cocaine
dependent patients to test for potential therapeutic effects of valproate. Briefly, this study
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examined the effects of valproate (1500 mg/day) treatment on cue-induced cocaine craving
following an 8 day dose titration, in a within subjects, placebo-controlled, crossover study
design.

2. Methods
2.1. Participants

Cocaine dependent individuals were recruited from the New York City area by newspaper
advertisement. All participants were confirmed currently cocaine dependent based on DSM-
IV criteria from the SCID and verified by urine samples positive of cocaine, and the preferred
route of administration for all participants was smoked crack cocaine. All participants had
normal results for physical exam, clinical laboratory results, and psychiatric interview.
Exclusion criteria included current axis-I psychiatric disorders which required medication
treatment, and any history of significant liver disease or liver dysfunction, including hepatitis
B and C. All participants gave signed informed consent prior to their entry into the study.
Screening, treatment, and testing were performed at the VA New York Harbor Healthcare
System (VANYHHS), Manhattan Campus, and the participants were compensated for time
and travel ($20/visit). This study was approved by the VANYHHS Human Subjects
Subcommittee, and was conducted in accordance with the Declaration of Helsinki. Between
1/2005 and 11/2008 total of 49 potential participants were screened for participation in this
outpatient medication study, of which 23 met screening criteria and were enrolled (26 screen
fails, and 3 study non-completers, were dropped mainly due to failing to attend study visits).
Demographic and baseline data for enrolled participants are shown in Table 1.

2.2. Treatment
Participants that met study eligibility requirements were treated with valproate in a placebo-
controlled, double-blind, crossover design, with active followed by placebo medication or
placebo followed by active medication. Treatment sequence was randomly selected on a 1:1
ratio. Commercially available valproate (Depakote®) and placebo medications were packaged
and blinded by the research pharmacist employing an over encapsulation process with 00 size,
opaque (drk blue) capsules, which were dispensed on a weekly basis. Valproate treatment was
provided on an 8-day dose-escalating design, chosen to maximize study retention within a
minimum time needed to establish steady state levels (4 days), and based on the tolerability of
reaching 1500 mg/day by the 6th day of treatment (PDR 2001): Days 1–2, 500 mg QD; Days
3–5, 500 mg BID; Days 6–10, 500 mg TID. Placebo treatment followed the same dispensing
schedule. The randomization scheme included permutation blocks of 4 and each treatment
condition was subject to stratification based on gender and frequency of cocaine use over the
last 30 days prior to informed consent (heavy: >15 cocaine use days; moderate: ≤ 15 cocaine
use days) to assure equally balanced medication treatment sequences within the study
population. All participants ingested their first dose of medication at the research clinic and a
clinical safety visit was scheduled 4 days after the start of medication treatment. Other than
debriefing after test days, participants were not provided with any formal psychosocial
treatment for cocaine abuse while in the study. Daily ad hoc cocaine abuse behavior, and
compliance with the daily medication regimen, was assessed during treatment by self report
and returned medication capsule count.

2.3. Cocaine Cue Reactivity Testing
The cue exposure sessions involved a combination of tactile, olfactory, visual and audio cues
and were based on prior work on nicotine (Reid et al., 1998) and mecamyalmine (Reid et al.,
1999) modulation of cue-induced cocaine craving. The tests consisted of a neutral cue session
(A) and an active cocaine cue session (B), presented in a random order and separated by
approximately 30 min. Cue sequence randomization was counterbalanced across treatment
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conditions to ensure that an equal number of participants started with neutral cues vs active
cues on each test day.

Cue testing was performed on the final day of each medication treatment period (Day 8 and
Day 19). Cue testing began between 11AM and 12 noon and took approximately 2.5 hours to
complete (see Figure 1). All participants were instructed to abstain from using cocaine, alcohol
and other drugs of abuse for 24 hours prior to testing and not to smoke cigarettes for 1 hour
prior to testing, verified by interview, on-site urine toxicology and exhaled carbon monoxide
(CO) assessments. During the cocaine cue tests participants were seated in an outpatient clinic
testing room in a comfortable, high back chair with arm rests. At the beginning of the test
session participants completed the following psychosocial assessments: Brief Substance
Craving Scale (BSCS) (Mezinskis et al., 1998), Beck Depression Index (BDI) (Beck, 1978),
Beck Anxiety Index (BAI) (Beck, 1988), and the Cocaine Selective Symptoms Assessment
(CSSA) (Kampman et al. 1998), and then blood samples (for plasma cortisol level
determination) were taken. Once completed, electrodes for skin conductance, skin temperature,
and heart rate were placed on the participant’s nonwriting finger tips, blood pressure and heart
rate were measured, and then cue exposure testing commenced.

Upon the beginning of cue testing procedures participants completed the Within Sessions
Rating Scale and a modified version of the Positive and Negative Affect Schedule (PANAS)
and then 5 minutes of baseline skin conductance, skin temperature and heart rate were collected.
Following this baseline recording period, each participant underwent a 10 minute cue exposure
procedure that involved viewing and handling items placed in front of him/her and viewing a
5 minute video. During the cue exposure, skin conductance and skin temperature were collected
continuously. Immediately following viewing the video each participant completed the Within
Sessions Rating Scale and the PANAS and blood pressure and heart rate were measured, and
then 20 minutes later a second blood sample was collected. Once all procedures were completed
the participant was given a 30 min rest period before proceeding with the next cue session.

2.3.1. Neutral Cues—Shells, rocks and a pinecone were placed on a tabletop directly in
front to the participant. The participant was instructed to smell a stick of fragrant spice
(cinnamon) and then the participant handled the shells, rocks and a pinecone and was instructed
to make 2–3 patterns on the desktop with the items (5 min) then a short video (5 min) was
presented. The neutral cue video tape consisted of images of pine cones and seashells being
handled.

2.3.2.Cocaine Cues—Cocaine and crack paraphernalia including various crack pipes and
stems, screens, lighters, scrappers, and a procaine-derived white crystalline powder designed
to simulate crack “rocks” in small baggies were placed on a tabletop directly in front to the
participant. The participant was asked to smell a recently used stem for any scent of crack
residue (reapplied every month using pseudococaine (SIGMA, St. Louis, MO), select a stem
they would typically use, and then handle each of the cocaine paraphernalia items (5 min), and
then a short video (5 min) was presented. The 5 minute cocaine cue video tape contained a
complex mixture of auditory and visual cues specific to the purchase and smoking of crack
cocaine.

2.3.3. Post Testing Debriefing—At the end of each test day the participants underwent a
debriefing procedure to minimize the impact of experimentally induced cocaine craving before
being discharged for the day. Relaxation exercises and a discussion of the participant’s plans
for the afternoon were involved. In addition, additional compensation for cue testing was held
until the follow-up visit before it could be received.
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2.4. Cue Reactivity Measures
2.4.1. Psychophysiological Measures—Physiological measures were selected based on
the work of Ehrman and colleagues (1992) and Reid and colleagues (1998, 2008) demonstrating
robust and reliable cue responding. Skin conductance (μMHOS) and skin temperature (F°)
were recorded using fingertip electrodes connected to a PC computer via a RS232 beltpack/
interface unit (Biograph, Thought Technology, Montreal, Canada). Skin conductance was
recorded using Ag-Ag/Cl paste electrodes with a constant excitation set at 0.5 V d.c. and
spontaneous skin conductance responses are eliminated by means of a low pass filter set at 20
μMHOS. Skin temperature was recorded using an electric thermister that monitors absolute
temperature. Heart rate and blood pressure were measured using a standard blood pressure cuff
and stethoscope, taken in a sitting position.

2.4.2. Plasma Sampling—Blood samples were collected into heparin containing tubes and
the plasma was separated within 30 minutes by refrigerated centrifugation (1500 rpm, 15 min)
followed by pipette extraction. The samples were stored at −70°C and were analyzed for
cortisol content by radioimmunoassay at the Analytical Psychopharmacology Laboratories of
Mr. Thomas Cooper, Nathan Kline Institute and NY State Department of Mental Health.

2.4.3. Within Sessions Rating Scale—The Within Sessions Rating Scale, based on
previous cue studies (Berger et al., 1996; Reid et al., 1998, 1999), asks participants to estimate
the intensity of craving and a variety of other drug-related states on a 1 to 100 mm visual analog
scale (VAS) with descriptors “not at all”, “mildly”, “moderately” and “extremely” equally
spaced above line from 0 to 100. Questions concerning cocaine included, “how much do you
desire to use cocaine right now?” and “if you had access to cocaine right, how likely would
you use it?” in the current context and when their abuse habits were greatest. Craving is
quantified using the first individual item of the scale, “desire to use cocaine right now” as well
as the average of all 4 craving items (Craving Index). In addition, patients rate “cocaine-like
high” and “cocaine withdrawal” on a similar VAS line.

2.4.4. Positive and Negative Affect Schedule (PANAS)—The PANAS (Watson et al.,
1988) is a subject rated 20-item measure with subscales for positive and negative affect. In this
study we also calculated a third subscale for anxiety, based on the sum of scores for “nervous”,
“jittery” and “irritable”. Items were scored on a 0–4 point Likert Scale.

2.5. Statistical Analyses
Initially, control analyses were performed to determine if ad hoc cocaine use over the preceding
7 days prior to testing were similar in each medication treatment condition. No significant
differences were found. For each parameter, a multivariate approach to repeated measures
ANOVA was initially used (mixed, repeated, within group analyses). Order effects of
medication treatment and cue type sequence were tested for as factors in the cue reactivity
ANOVA model and no effects were found so these variables were removed from the final
model. The primary outcome measures were Within Sessions Rating Scale and the PANAS
items for “desire to use cocaine now”, cocaine craving index, cocaine-like high, cocaine
withdrawal, anxiety and plasma cortisol levels. Secondary outcome measures were heart rate,
blood pressure, and the continuous physiological measures skin conductance and temperature
which were assessed using mean values of 5 min recordings collected during: pre-cue, cue 1
(paraphernalia), and cue 2 (video viewing) presentation phases.

2.5.1. Effects of Valproate on Baseline and Cue-induced Cocaine Craving—Data
from the Day 8 and Day 19 medication craving tests was analyzed. Pre-testing baseline mood
(BDI and BIA) as well as CSSA and BSCS measures of cocaine craving and withdrawal,
respectively, were compared in valproate versus placebo conditions by univariate ANOVA.
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For cue reactivity testing, valproate versus placebo conditions were compared in the primary
and secondary outcome measures in a 2 (neutral cue, active cue) by 2 (pre-cue, post-cue) by 2
(placebo, active) repeated measures ANOVA corrected for baseline differences (physiological
measures of skin temperature and conductance included 3-cue testing time points).

3. Results
3.1. Study Sample

Baseline demographic characteristics, cocaine abuse history, and related psychological
assessments are displayed in Table 1. Participants were on average middle aged, high school
educated, mostly unemployed, 20% were female, 60% were cigarette smokers, and 80% were
African-American. Cocaine abuse histories indicated moderate addiction severity, 14 years
cocaine abuse, and having been enrolled in drug rehabilitation 2–3 times prior to study
participation (7 out of 20 reported no prior treatment). Cocaine craving (BSCS) and withdrawal
(CSSA) levels during screening were low, and participants’ mood variables (BDI, BAI)
indicated moderate levels of depressed mood and little or no anxiety among study participants.

3.2. Medication Treatment: Day 8 Pre-Test Measures
The effects of valproate treatment on self-reported craving and mood, and ad lib cocaine use
over the preceding 7 days, were assessed at the beginning of each cue testing day and are shown
in Table 2. Pre-test assessments of cocaine abuse, craving and withdrawal indicated, at a trend
level, slightly more cocaine craving (BSCS total score) in the valproate condition (F(1,38)
=2.326, p=0.103), but no effect of valproate treatment on cocaine withdrawal (CSSA) or on
ad lib cocaine abuse rates. BDI and BAI symptom ratings were also unaffected by valproate
treatment.

3.3. Medication Effects on Cue-Induced Cocaine Craving and Related Subjective Measures
The effects of cocaine cue exposure on cocaine craving and related subjective measures in the
valproate and placebo treatment conditions are displayed in Figure 2. The overall ANOVA
model of cue effect found that cocaine cue exposure produced a reliable increase in ratings for
“desire to use cocaine now” (F(1,19)=11.492, p<0.01), cocaine craving index (F(1,19)=10.627,
p<0.05) cocaine-like high (F(1,19)=19.954, p<0.05) and cocaine withdrawal (F(1,19)=10.891,
p<0.05). There were no effects of cue exposure on PANAS measures of positive or negative
affect, or the subscore for anxiety (data not shown). Medication treatment interaction analyses
indicated a significant effect of valproate treatment on cue-induced “desire to use cocaine
now” (F(1,38)=3.916, p<0.05), in which cocaine cue-induced craving levels were higher in the
valproate condition. Medication treatment interactions were statistically insignificant for all
other cue-induced subjective measures.

3.4. Medication Effects on Cue-Induced Physiological Responding
Plasma cortisol levels, heart rate, blood pressure, skin conductance, and skin temperature,
measured prior to cocaine cue exposure on Day 8 of valproate or placebo treatment, are also
presented in Table 2. There were no significant effects of cocaine cue exposure on plasma
cortisol levels, skin conductance, skin temperature, heart rate or blood pressure. However, main
effects of medication treatment indicated higher plasma cortisol levels (F(1,19)=4.132,
p<0.05), reduced diastolic blood pressure (F(1,19)=6.676, p<0.05) and, at a trend level, lower
heart rate (F(1,19)=2.881, p=0.090) in the valproate condition. But there were no significant
cue type by medication treatment interactions for any of the physiological measures.

Reid and Thakkar Page 6

Drug Alcohol Depend. Author manuscript; available in PMC 2010 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



4. Discussion
Recent reviews of pharmacological treatments for addiction suggest that GABAergic
anticonvulsants may be effective in treating cocaine dependence (Zullino et al., 2004; Vocci,
& Ling, 2005; Preti, 2007; Myrick and Brady, 2003). These hypotheses were based partially
on positive results obtained in single site, double-blind, placebo controlled studies with
tiagabine (Winhusen et al., 2005; Gonzalez et al., 2003, 2007, but see Winhusen et al., 2007),
baclofen (Shoptaw et al., 2003) and topiramate (Kampman et al. 2004). Studies with valproate
in cocaine abuse patients (Myrick et al. 2001; Salloum et al., 2007) have also been cited as
support for the hypothesis that anticonvulsants may be efficacious in the treatment of cocaine
dependence, however, these findings were based on small, open-label studies. We completed
a double-blind, placebo-controlled trial on valproate, olanzapine, or l-carnitine/coenzyme Q10
treatment for cocaine dependence (see Reid et al., 2005). Though no statistically significant
evidence of treatment efficacy was found for any of the test medications, abstinence rates at
the last study visit were nearly 4 times higher in the valproate (27%) versus placebo (7%)
group. This study was underpowered, however, leaving the utility of valproate in cocaine
dependence treatment in need of further investigation and prompting the current clinical
laboratory study. In the current study valproate treatment was associated with an increase in
cocaine craving, both baseline and cue-induced, in cocaine dependent participants. This does
not indicate that valproate is an effective treatment for cocaine dependence.

Previous studies on the effects of cocaine cue exposure in cocaine dependent individuals have
demonstrated a wide range of subjective effects including increased cocaine craving, cocaine-
like high, cocaine withdrawal, anxiety and negative mood (Erhman et al., 1992; Robbins and
Ehrman, 1992; Berger et al., 1996; Reid et al., 1998, 1999; Robbins et al., 1999, Sinha et al.,
2000). The present study was consistent with these prior studies in that participants reported
greater cocaine craving, “desire to use cocaine now”, cocaine-like high and cocaine withdrawal
specific to cocaine cue exposure. However, there was no increase in anxiety or negative mood
associated with cocaine cue exposure as others have reported, which could indicate a relative
weakness in the subjective response profile tested in our clinical laboratory paradigm.

A significant effect of medication treatment on cue-induced cocaine craving was found;
participants experienced a far greater increase in “desire to use cocaine now” during the
valproate treatment condition. Consistent with this change in cue reactivity, participants also
reported slightly higher levels of cocaine craving during the last day of valproate treatment.
This was contrary to our hypothesis as well as prior reports of reduced drug craving in cocaine
dependent patients treated with valproate (Myrick et al., 2001) or other GABAergic
anticonvulsants such as gamma-vinyl GABA (Brodie et al., 2003, 2005). This discrepancy may
be explained by differences in study design, in which the open label studies lacked a control
group and measured craving retrospectively from patients while in treatment for drug abuse.
It may also be argued that cocaine cue reactivity testing and clinical treatment trials do not
measure equivalent forms of drug craving. Clinical laboratory studies on cocaine craving with
similar GABAergic and anticonvulsant compounds have provided mixed results. Baclofen
treatment (10–20 mg BID, 7 days) reduced (Brebner et al., 2002), while carbamazepine
treatment (100–150 mg TID, 7 days) had no effect (Hersh et al., 1995), on cue-induced cocaine
craving. Our results are more consistent with the effects of carbamazepine.

Clinical laboratory tests on the interaction of acute stimulants with anticonvulsant and
GABAergic compounds may provide further insight into the effects of this class of medications
on cocaine craving and related subjective measures. For example, topiramate pretreatment
enhanced intravenous methamphetamine-induced (15mg and 30 mg) ratings of euphoria and
stimulation (Johnson et al. 2007). Studies on nicotine found similar results, in which topiramate
enhanced the subjective strength and rewarding effects of intravenous nicotine (0.5 mg/kg and
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1.0 mg/kg) (Sofuoglu et al. 2006) and of smoked cigarettes (Reid et al., 2007). In cocaine
dependent individuals, gabapentin pretreatment resulted in an increase in self-administration
of low doses of smoked cocaine (12 and 25 mg) as well as an increase in cocaine-induced
craving and high during the initial testing period (Hart et al., 2004), baclofen pretreatment had
no effects on subjective and physiological responding to intranasal cocaine (45 mg) (Lile et
al., 2004), and tiagabine pretreatment attenuated intravenous cocaine-induced (20–30 mg)
ratings of stimulation and cocaine craving (Sofuoglu et al., 2005). While none of these studies
tested valproate directly, the findings with topiramate and gabapentin suggest that this class of
anticonvulsant medications can prime stimulant-induced drug craving. It is possible that
valproate similarly primes cue-induced cocaine craving.

Previous studies on the effects of cocaine cue exposure in cocaine dependent individuals have
demonstrated a wide range of physiological effects, including increased heart rate, skin
conductance, and plasma cortisol and ACTH levels accompanied by a decrease in skin
temperature (Erhman et al., 1992; Robbins and Ehrman, 1992; Berger et al., 1996; Reid et al.,
1998, 1999, 2008; Robbins et al., 1999, Sinha et al., 2000). In the present study we did not find
a significant effect of cocaine cue exposure on any of the physiological measures collected.
This indicates a weakness in cue elicited physiological responding in our clinical laboratory
paradigm. However, valproate treatment produced an overall increase in plasma cortisol levels,
as well as a decrease in heart rate and diastolic blood pressure, which may have masked the
ability of cocaine cues to affect these measures. The decrease in cardiovascular activity is
consistent with previous studies on valpoate and related GABA transaminase inhibitors in
animals (Tanaka et al., 1992; Loscher, 1982) and humans (Chiodera et al., 1989; Isojarvi et al.,
1998; Chong et al., 2001). The increase in cortisol levels is also consistent with prior studies
on chronic valproate treatment in epileptic patients (Aydin et al., 2005; Vlasov et al., 2001).
Previous studies have shown that cortisol is critical to the reinstatement of drug and alcohol
seeking behavior (see Weiss et al., 2001), and that elevated cortisol levels may produce changes
in brain reward circuits resulting in greater sensitivity to the reinforcing properties of drugs of
abuse (Piazza and LeMoal, 1998). It is possible that the increase in cortisol levels associated
with valproate treatment contributed to enhanced cue-induced desire for cocaine in a similar
manner.

Weaknesses in the current study must be acknowledged. Though cue reactivity was consistent
across two testing sessions and no order effects with cue type and valproate treatment were
found, the cocaine cue exposure response in this study was relatively weak. This shortcoming
limited our ability to interpret the effects of valproate on the physiological response to cocaine
cue exposure. The study population was limited to crack cocaine abusers whose preferred route
of administration was matched with the cocaine cues employed, and there were few females
included, which limits the generalizability of the findings. This was not a treatment study, and
as such an interest in quitting was not a requirement for study participation. Results from the
7 patients that had not undergone prior cocaine abuse treatment could potentially be
qualitatively different from the 13 that had (see Perkins et al., 2006). Despite these
shortcomings the current study found clear evidence that valproate treatment produced an
increase in cue-induced cocaine craving. This was further substantiated by the elevated levels
of spontaneous cocaine craving reported by patients over the 24 hr period preceding cue tests.
Overall, these findings do not support further investigations of valproate as a treatment for
cocaine dependence.
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Figure 1.
Schematic diagram depicting the cue exposure study design. Sample presented is with cue
order in B (neutral cue) followed by A (cocaine cue) sequence. Abbreviations: BP: Blood
pressure, HR: Heart rate, SR: Subjective ratings.
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Figure 2.
Cue-induced self-reported “desire to use cocaine now” (Cocaine Desire), cocaine craving index
(Cocaine Craving), and related subjective measures (Cocaine High, Cocaine Withdrawal)
assessed using the Within Sessions Rating Scale in the valproate (1500 mg/day) and placebo
treatment conditions. The neutral cue corrected (cocaine cue minus neutral cue) changes in
each rating from pre-to post-cue exposure are shown. Means and SEM are presented. * indicates
p<0.05 for comparison of valproate versus placebo in a two (active cue, neutral cue) by two
(pre-cue, post-cue) by two (valproate, placebo) ANOVA.
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Table 1
Demographics and Baseline Measures

Male Female

Gender 16 4

Race

 African American 13 3

 Hispanic 2 1

 Caucasian 1

Unemployed 9 2

Cigarette Smoker 10 2

Means SEM

Age 43.6 1.6

Years Education 13.4 0.5

Beck Depression Inventory (BDI) (0–63) 14.5 3.1

Beck Anxiety Index (BAI) (0–63) 6.1 2.1

Addiction Severity Index (ASI) (0–1) 0.185 0.018

Years Cocaine Abuse 14.3 1.8

Days out of last 30 Cocaine Abuse 14.5 1.7

Prior Cocaine Abuse Treatment Episodes 2.6 0.7

Brief Substance Craving Scale (BSCS) (0–12) 2.7 0.7

Cocaine Selective Severity Assessment (CSSA) (0–136) 17.9 2.6

Range of scores for BDI, BAI, ASI, BSCS and CSSA are indicated in parentheses.
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Table 2
Treatment Day 8

Pre-Testing Psychometric and Cocaine Abuse Measures (mean ± SEM

Valproate Placebo

Beck Depression Inventory (BDI) 10.6±2.9 11.0±2.4

Beck Anxiety Index (BAI) 4.9±2.1 5.2±2.1

Cocaine Abuse: Days use out of last 7 3.2±0.5 3.7±1.2

Brief Substance Craving Scale (BSCS) 6.2±0.6 5.2±0.6

Cocaine Selective Severity Assessment (CSSA) 22.2±3.6 21.1±3.2

Cocaine Cue Testing - Physiological Measures (mean ± SEM)

Valproate Placebo

Cocaine Cue Cocaine Cue

Pre-Cue Post-Cue Pre-Cue Post-Cue

Heart Rate (beats per minute) 70.2±3.9 76.9±3.2 72.1±4.1 76.9±2.6

Systolic Blood Pressure (mmHg) 96.2±6.4 98.2±6.8 103.0±3.3 106.4±3.5

Diastolic Blood Pressure (mmHg) 61.1±4.1* 64.4±4.5* 68.7±2.4 69.2±2.2

Plasma Cortisol (μg/dL) 12.9±1.3* 11.1±1.1* 10.1±0.8 9.2±0.8

Skin Conductance (μMHO) 0.911±0.402 0.553±0.221 0.741±0.296 0.496±0.260

Skin Temperature (F°) 90.5±1.6 91.0±1.5 89.6±1.5 90.7±0.8
*
p<0.05 for main effect of medication treatment – valproate vs. placebo
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