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Interest in development of therapeutics targeting brain neuropeptide systems for treatment of cocaine
addiction (e.g., k opioid agonists) is based on animal data showing interactions between the neuro-
peptides, brain dopamine, and cocaine. In this autopsied brain study, our major objective was to establish
by radioimmunoassay whether levels of dynorphin and other neuropeptides (e.g., metenkephalin,
neurotensin and substance P) are increased in the dopamine-rich caudate, putamen, and nucleus ac-
cumbens of human chronic cocaine users (n¼ 12) vs. matched control subjects (n¼ 17) as predicted by
animal findings. Changes were limited to markedly increased dynorphin immunoreactivity in caudate
(þ92%), decreased caudate neurotensin (�49%), and a trend for increased dynorphin (þ75%) in putamen.
In other examined subcortical/cerebral cortical areas dynorphin levels were normal with the striking
exception of the ventral pallidum (þ346%), whereas cerebral cortical metenkephalin levels were gen-
erally decreased and neurotensin variably changed. Our finding that, in contradistinction to animal data,
the other striatal neuropeptides were not increased in human cocaine users could be explained by
differences in pattern and contingency between human drug users and the animal models. However, the
human dynorphin observations parallel well animal findings and suggest that the dynorphin system is
upregulated, manifested as elevated neuropeptide levels, after chronic drug exposure in striatum and
ventral pallidum. Our postmortem brain data suggest involvement of striatal dynorphin systems in
human cocaine users and should add to the interest in the testing of new dynorphin-related therapeutics
for the treatment of cocaine addiction.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Because a primary action of cocaine (COC) and several other
drugs of abuse is elevation of striatal (caudate and putamen) and
limbic extracellular levels of the neurotransmitter dopamine (DA)
in the human (Leyton, 2007), much effort has been devoted to
develop drugs acting on the brain DA system that might help in
treatment of COC addiction. However, this focus on DA has not yet
led to a clinically useful therapeutic and the actual role of DA
proposed for the transition from COC ‘‘liking’’ to ‘‘wanting’’ or
‘‘craving’’ continues to be revised (Salamone et al., 2007).

A different, but related, pharmacological strategy involves
development of therapeutics targeted to one or more brain
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neuropeptide pathways that interact with the brain DA system. The
clinical impetus supporting this approach is derived from pre-
liminary human studies showing that a non-selective opioid an-
tagonist (naltrexone) can partially block some of the subjective
effects of cocaine (Kosten et al., 1992; Kuzmin et al., 1997; Kiyatkin
and Brown, 2003; Oslin et al., 1999; Schmitz et al., 2001). The ar-
gument in the experimental preclinical literature for neuropeptide
involvement stems from animal findings showing that COC can act
in a DA-dependent manner on basal ganglia- and limbic-related
neurons containing the neuropeptides dynorphin (DYN), meten-
kephalin (MENK), neurotensin (NT), and substance P (SP). Accord-
ing to this argument, altered functioning of the neuropeptide
systems (e.g., DYN) might have either a feedback effect on the
originating DA system itself, or cause downstream changes in
pathways creating clinically important functional outcomes (for
review see Shippenberg et al., 2007).

In the preclinical studies, COC increased tissue levels of DYN
(þ70 to 101%; Smiley et al., 1990), NT (þ100 to 200%; Hanson et al.,
1989) and SP (þ30%; Alburges et al., 2000) have been reported in
striatum while similar increases in DYN (þ150%) and NT (þ85%;
Hanson et al., 1989), but not SP (Alburges et al., 2000) have been
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reported for nucleus accumbens. Likewise, in similar studies, COC-
induced activation of the neuropeptide pathways has been dem-
onstrated by changes in the expression of their precursor mRNA
(Adams et al., 2001; Fagergren et al., 2003; Hurd et al., 1992). Thus,
based upon the aforementioned animal studies, it would be an-
ticipated that the human neuropeptide systems linked to DA should
be ‘‘altered’’ by COC. However, in our previous study of neuropep-
tides in striatum and nucleus accumbens of human chronic users of
the psychostimulant methamphetamine (METH) (Frankel et al.,
2007), we found that, with the exception of a trend for increased
DYN in caudate, levels of the above-mentioned neuropeptides were
not increased as observed in animal studies.

Thus, the major objective of the present report was to establish
whether, as predicted by animal models, levels of DYN, MENK, NT
and SP systems are increased in the DA-rich striatum and nucleus
accumbens of human chronic COC users. A secondary exploratory
objective was to extend this study to include measurement of the
neuropeptides in DA-poor subcortical and cerebral cortical areas in
which the function of the peptides appears to be more hypothetical.

2. Materials and methods

2.1. Subjects and brain material

This study was approved by Institutional Review Board of the Centre for Ad-
diction and Mental Health at Toronto. Postmortem brains from a total of 17 controls
(15 males and 2 females) and 12 chronic users of COC (10 males and 2 females) were
obtained from medical examiner offices in the United States and Canada using
a standardized protocol. Drug histories, brain neuropathological findings and other
subject information have been previously reported in detail (Wilson et al., 1996).
Striatal levels of DA, the DA transporter, and the vesicular monoamine transporter
also have been reported previously for all of the COC cases (Wilson et al., 1996).
There were no statistical differences in age (control, 32.7�1.7 years; COC, 35.9� 3.6
years) or postmortem intervals (PMI, interval between death and freezing of the
brain; control, 13.6�1.6 h; COC, 18.0�1.9 h) between the control and COC users
(Student’s two-tailed t-tests). At autopsy, one half of each brain was fixed in formalin
fixative for neuropathological analysis, whereas the other half was immediately
frozen until dissection for neurochemical analysis. Blood samples were obtained
from all of the COC users and the control subjects for drug screening. Scalp hair
samples for drug analyses were obtained from 14 of 17 controls and 7 of 12 COC
users. Levels of drugs of abuse in blood and other bodily fluids were measured by the
local medical examiner whereas drug analyses in brain and hair samples were
conducted at the Armed Forces Institute of Pathology (Washington, DC, USA). All
COC users met the following selection criteria: (a) presence of COC and/or metab-
olites on toxicology screens in blood or urine, brain and, where available, hair; (b)
absence of other drugs of abuse in bodily fluids with the exception of ethanol (3
cases) and absence of other drugs of abuse in brain; (c) evidence from the case re-
cords of COC as the primary drug of abuse for at least 1 year prior to death; (d)
absence of neurological illness or brain pathology unrelated to COC use (as
determined at autopsy). Hair analysis of the 7 COC users for which hair was available
also disclosed cocaethylene in 5 subjects (indicating some past use of alcohol) and,
in one case, an opiate metabolite. All control subjects were neurologically normal
and had no evidence of brain pathology on neuropathological examination. All
control subjects tested negative for the presence of drugs of abuse (including COC
and COC metabolites) in blood, urine and, where available, hair (Wilson et al., 1996).
The control subjects were selected so that most had experienced, like the drug users,
a sudden death. The suspected or known causes of death of the controls were:
drowning (n¼ 1); leukemia (n¼ 1); electrocution (n¼ 1); accidental death/trauma
(n¼ 3); myocardial infarction (n¼ 1); atherosclerotic cardiovascular disease (n¼ 3);
pulmonary embolism (n¼ 2); valvular disease (n¼ 1); hypertensive cardiovascular
disease (n¼ 1); massive cardiomegaly (n¼ 1); compressional asphyxia (n¼ 1); and
slit throat (n¼ 1). Details of the known or suspected causes of death of the COC users
have also been previously reported (Wilson et al., 1996) and were COC intoxication
(n¼ 7); multiple stab wounds to the chest (n¼ 1); gunshot wound to the chest
(n¼ 1); ruptured carotid artery aneurysm with COC abuse a contributing factor
(n¼ 1); hypertensive cardiac disease with metoprolol/diltiazem intoxication (n¼ 1);
and hypertensive cardiac disease with COC abuse a contributing factor (n¼ 1).

2.2. Measurement of neuropeptides by radioimmunoassay

The radioimmunoassays used to analyze the neuropeptide levels in this study
were previously described (Frankel et al., 2007). Following tissue homogenization
the samples were boiled, centrifuged, aliquoted and lyophilized overnight and
stored at �80 �C until the radioimmunoassay was performed (Frankel et al., 2007).
The concentrations of neuropeptides were determined with a modified solid-phase
radioimmunoassay technique described for NT by Maidment et al. (1991).
Lyophilized samples were reconstituted in 300 ml phosphate-buffered saline (pH 7.4)
containing 0.1% (w/v) gelatin and 0.1% (v/v) Triton X-100. Nunc-Immunoplates (ISC
BioExpress, Kaysville, UT) were incubated overnight at 4 �C with 40 ml of protein G
solution (50 ng/100 ml in 0.1 mol/l sodium bicarbonate; pH 9.0). After washing the
wells 3 times with wash buffer (0.15 mol/l K2HPO4, 0.02 mol/l NaH2PO4, 0.2 mmol/l
ascorbic acid, 0.2% (v/v) Tween-20 and 0.1% (w/v) sodium azide; pH 7.5), 25 ml of
a highly selective antiserum for one of the following were diluted in assay buffer
(same as wash buffer containing 0.1% (w/v) gelatin): DYN diluted to 1:10,000; MENK
diluted to 1:1,000; NT diluted to 1:20,000; SP diluted to 1:200,000. Following ad-
dition of DYN or MENK antisera, wells were incubated overnight at room temper-
ature. Wells for NT and SP assays were incubated with the respective antisera for 2 h
at room temperature in order to allow the attachment of antibody to the protein G-
coated surface. After incubation, wells were washed 3 times and 25 ml of sample or
standard(s) were added to each well and incubated for 2 h at room temperature.
After incubation, 25 ml of the labeled peptide (125I-MENK, 125I-NT, or 125I-SP) diluted
with assay buffer to approximately 6500 dpm per 25 ml were added to the wells and
incubated for 2 h at room temperature. Unlike the other labeled peptides, 125I-DYN
was added immediately after the samples (Hanson et al., 1988). After incubation,
wells were washed, separated and placed in 12� 75 mm polypropylene tubes and
counted in a five-channel Packard Cobra II Auto-Gamma counter (Packard In-
strument Co., Meriden, CT). The total and non-specific binding were defined by
adding 25 ml of the labeled peptide to protein G-untreated and-treated wells, re-
spectively. Quantities of neuropeptide immunoreactivity were determined by
comparing bound to free [125I]-DYN or-MENK in each sample to a standard curve
(from 8 to 1000 pg/assay tube). For the quantities of immunoreactivity for [125I]-NT
and SP, bound to free comparisons were made using a standard curve from 1 to
125 pg/assay tube. The reproducibility of the assay was evaluated using cerebellum
tissue spiked with 62 and 250 pg of each peptide. This technique has been dem-
onstrated to be very reproducible, resulting in less than 10% variability between
assays and less than 5% between sample and standard duplicates (Hanson et al.,
1997).

2.3. Antisera

The MENK antiserum employed in this study was raised by Zymed Laboratories
(South San Francisco, CA) using the single-point, site-directed peptide conjugation,
antipeptide technique (Posnett et al., 1988). This highly selective MENK antibody
displayed less than 1% cross-reactivity with leu-enkephalin or DYN and did not
significantly cross-react with 1000-fold excess concentration of NT and has been
used for other studies by this laboratory (Alburges et al., 2001). The DYN, NT and SP
antisera were raised in New Zealand white rabbits as previously described (Hanson
et al., 1988). These antisera recognize the DYN, NT or the SP carboxy terminus and
are highly selective, expressing no cross-reactivity with 1000-fold excess concen-
trations of other endogenous neuropeptides such as DYN (for NT or SP antiserum),
MENK, cholecystokinin, SP (for DYN or NT antiserum) or substance K.

2.4. Statistical analyses

Correlations between neuropeptides and postmortem time for samples of
controls and COC users were determined using the Pearson correlation test. Cor-
relations between neuropeptides and brain drug levels of striatal dopamine levels in
COC users were also determined using the Spearman rank correlation test. As this
was an exploratory study only, differences in neuropeptide levels (DYN, MENK, NT,
SP) between the control and the COC groups were analyzed using the Bonferroni t-
test. The criterion for statistical significance for all comparisons was p< 0.05.

3. Results

3.1. Selection of brain areas

As described previously (Frankel et al., 2007) subcortical brain
regions to be analyzed were dissected using the atlas of Riley (Riley,
1943) whereas cerebral cortical areas were identified using Brod-
mann classification. The portion of the nucleus accumbens taken
for examination was that described in Fig. 1 (slice #2, lateral) in
Tong et al., 2006. The ventral pallidum, located just ventral to the
external globus pallidus and the anterior commissure were excised
as described in Heimer (2003, Fig. 8b) and in Riley (1943, plate T4-
2066). Note that the ventral pallidum is reported as the ‘‘substantia
innominata’’ in Riley and in our earlier study of neuropeptides in
METH users (Frankel et al., 2007).

Baseline levels for the neuropeptides analyzed for the 10 brain
regions have been previously published (Frankel et al., 2007). These
regions included the DA-rich caudate, putamen and nucleus
accumbens, as well as some relatively DA-poor brain regions



Fig. 1. Neuropeptide levels in the human caudate nucleus, putamen and nucleus ac-
cumbens in control (no drug history) or COC abusers. Baseline levels of peptides (ng/
mg� SEM) for these regions where significant differences were found are caudate,
DYN: 0.42� 0.06; NT: 0.12� 0.01. Data (n¼ 12–17 per group) are expressed as per-
centage of baseline� SEM, *p< 0.05 versus control. Abbreviations: DYN, dynorphin;
MENK, metenkephalin; NT, neurotensin; SP, substance P.
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[frontal cortex (Brodmann area 9); occipital cortex (Brodmann area
18); temporal cortex (Brodmann area 22); parietal cortex (Brod-
mann area 39); thalamus (nucleus lateralis and medial pulvinar);
and the ventral pallidum].
3.2. Postmortem time and neuropeptide levels

The possible influence of postmortem time on neuropeptide
levels was examined in all cases using the Pearson correlation test.
Only one statistically significant correlation was observed in the
control group: MENK in the medial pulvinar nucleus of the thala-
mus (�0.69, p< 0.01). One statistically significant correlation was
observed in the COC user group: SP in temporal cortex (Brodmann’s
cortical area 22) (0.74, p ¼ 0.006).
Fig. 2. Neuropeptide levels in the human ventral pallidum (substantia innominata),
medial pulvinar thalamus and lateral thalamus in control (no drug history) or COC
abusers. Baseline levels of peptides (ng/mg� SEM) for these regions where significant
differences were found are ventral pallidum, DYN: 2.45� 0.77; NT: 0.78� 0.16. Data
(n¼ 12–17 per group) are expressed as percentage of baseline� SEM, *p< 0.05 versus
control. Abbreviations are the same as Fig. 1.
3.3. Brain COC vs. neuropeptide levels

The levels of COC and its major metabolites in autopsied brain of
the COC users have been previously reported (Wilson et al., 1996;
Kalasinsky et al., 2000). In the current study, Spearman rank cor-
relations were performed in order to determine if there was a re-
lationship between the amount of COC plus metabolites measured
in postmortem brain and peptide levels. Molar sum totals of COC
(COC plus benzoylecgonine, ecgonine methylester, norcocaine and
cocaethylene) from occipital cortex were used for these de-
terminations of ‘‘recent’’ drug use. No significant correlations were
found in the COC user group.
3.4. Neuropeptide levels in COC users

All neuropeptide levels are represented as a percentage of
baseline by region. Statistically significant differences between COC
users and control subjects in the striatum and nucleus accumbens
were limited to the caudate (Fig. 1) in which DYN levels were
markedly increased (þ92%) and NT concentration decreased
(�39%). Additionally, non-significant trends were observed for
decreased SP (�26%) and MENK (�28%) in caudate and increased
DYN (þ75%) in putamen.

In the extra-striatal subcortical areas (Fig. 2), changes were
limited to markedly increased DYN (þ346%) and NT (þ104%) in the
ventral pallidum. In cerebral cortex NT levels were significantly
increased (þ99%) in Brodmann’s cortical area 9 (Fig. 3) while MENK
levels were significantly decreased (�58%). Brodmann’s cortical
area 39 (Fig. 3) displayed significant decreases in both MENK
(�25%) and NT levels (�49%) in the COC group.



Fig. 3. Neuropeptide levels in Brodmann’s cortical areas 9, 18, 22 and 39 in control (no
drug history) or COC abusers. Baseline levels of peptides (ng/mg� SEM) for these re-
gions where significant differences were found are Brodmann’s cortical area 9, MENK:
1.54� 0.08; NT: 0.07� 0.01; Brodmann’s cortical area 39, MENK: 7.12� 0.42; NT:
0.081�0.012. Data (n¼ 12–17 per group) are expressed as percentage of base-
line� SEM, *p< 0.05 versus control. Abbreviations are the same as Fig. 1.
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3.4.1. Neuropeptide levels vs. DA and VMAT2 binding
Pearson correlations, using data obtained in Wilson et al. (1996),

were conducted to establish whether there might be any relationship
between levels of neuropeptides in striatum and nucleus accumbens
vs. concentrations of the neurotransmitter dopamine and those of
the vesicular monoamine transporter (VMAT2, assessed by mea-
surement of 3H-dihydrotetrabenazine binding Bmax), considered to
be a marker of the integrity of dopamine neurons in striatum (see
Wilson et al.,1996). Statistically significant correlations were limited
to DA and NT in the caudate (r¼ 0.58) and nucleus accumbens
(r¼ 0.68) and MENK and VMAT2 binding in the nucleus accumbens
(r¼�0.84).

4. Discussion

Our major finding is that, as predicted by animal data, levels of
the neuropeptide DYN were increased in the caudate of human COC
users whereas striatal concentrations of the other peptides were
either normal or, in the case of NT, decreased. In addition, we found
that DYN concentration was strikingly increased in an anatomically
adjacent area, the ventral pallidum.
In our investigation we attempted as much as possible to ad-
dress the potential confounding variables inherent in all autopsied
brain investigations by matching the control and COC user groups
with age, postmortem time, and by confirming by forensic drug
analyses that the COC users used COC and the controls did not.
However, it needs to be acknowledged that both drug and control
groups might have previously used other drugs or have other
characteristics that could have affected brain neuropeptide levels.

In animal models, high doses of COC (e.g., w30 mg/kg, 4 i.p.
injections, 2-h intervals) over a relatively short period of time (e.g.,
6–8 h) increase DYN, NT and SP levels both in the striatum and
nucleus accumbens (Alburges et al., 2000; Hanson et al., 1989;
Smiley et al., 1990). The likely explanation for these changes is that
COC, via dopamine transporter inhibition, stimulates the DA D-1
and/or D-2 receptors and increases synthesis of NT, DYN (Adams
et al., 2003) and SP (Adams et al., 2001). This is supported by
findings that D-1 antagonists block, and a selective D-1 agonist
mimics, these COC effects (Hanson et al., 1989) while either D-1 or
D-2 selective antagonists block increased levels of DYN (Smiley
et al., 1990) or SP (Alburges et al., 2000). Our finding of increased
caudate DYN in human COC users (who all had used the drug
chronically and recently) is somewhat supported by the early re-
port of modestly increased expression of preprodynorphin mRNA
in the putamen (with a trend in caudate) in human COC users (Hurd
and Herkenham, 1993) and suggests that COC is able to stimulate
production of striatal DYN even after long-term repeated exposure.
In the normal human we found, as expected, that the concentration
of DYN is markedly enriched in the nucleus accumbens (7.8 ng/mg)
as compared with that in the caudate (0.4 ng/mg). Although the
results are not entirely consistent across species, animal studies
(Fagergren et al., 2003) generally show that activation of the
dynorphin system is more prominent in the striatum (caudate and
putamen) rather than in the nucleus accumbens – experimental
findings in agreement with our postmortem human data. Although
only one portion of the nucleus accumbens (see Section 2) was
sampled in our study, and inferences based on peptide changes or
lack of changes must be tentative, our data do suggest that the
dorsal, rather than the ventral, striatal DYN system might be more
responsive to chronic COC exposure in the human.

We also observed a striking (almost fourfold) increase in DYN
concentration in a brain area previously described as part of the
‘‘substantia innominata’’ and now known as the ventral pallidum.
This area in human brain, ventral to the external globus pallidus
and the anterior commissure (Heimer, 2003; Riley, 1943), is rich in
DYN possibly localized to neuronal projections from the striatum
(Reiner et al., 1999) or the nucleus accumbens (Zhou et al., 2003). In
this regard, our human data suggest that COC activates DYN neu-
rons that innervate the ventral pallidum, a brain system which does
not yet appear to have been examined in parallel experimental
animal studies. In our previous postmortem brain study of chronic
human users of the dopaminergic stimulant methamphetamine,
we observed a statistically non-significant trend for increased DYN
in both the caudate and the ventral pallidum/substantia nigra
(Frankel et al., 2007). Taken together these findings add more
support to the notion that activation of the striatal/ventral pallidum
DYN system is a consequence of exposure to psychostimulant drugs
in the human.

In contradistinction to animal data showing that COC increases
levels of DYN (Alburges and Hanson,1999; Smiley et al.,1990), MENK
(Alburges et al., 2001), NT (Hanson et al., 1989) and SP (Alburges
et al., 2000) and mRNA for DYN (Fagergren et al., 2003; Schlussman
et al., 2003), NT and SP (Adams et al., 2001), we only found an in-
crease in the levels of DYN in caudate of the COC users. In this regard,
many of the drug users included in the current study regularly
abused COC for 3 to >10 years (Kalasinsky et al., 2000) contrasting
with the typical short-term COC treatments administered in the
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animal studies. The importance of such differences between the
conditions associated with the animal experiments and this study is
underscored by the observation that the pattern of neuropeptide
responses in COC users is different from the reported findings in
non-contingent animal models employing high doses of this stim-
ulant (Hanson et al., 1989). Thus, with the exception of a significant
increase in caudate DYN content in COC users (Fig. 1), the other
peptide responses in the basal ganglia and nucleus accumbens were
quite different from that observed in animal studies. Assuming that
the basal ganglia and accumbal DA-linked neuropeptides are com-
parably regulated, possible explanations for the neuropeptide dif-
ferences in COC-dependent humans and laboratory animal models
include the patterns of drug administration such as doses, contin-
gency (i.e., the ability to manage drug exposure through self ad-
ministration) and duration of drug exposure [i.e., days (animal
model) vs. years (human users)]. Alternatively, it is possible that in
the human COC exposure does not activate the forebrain NT, SP or
MENK systems, or that it does but only acutely, with tolerance to this
effect occurring after chronic drug exposure. Another consideration
is that stimulation of D-2 (vs. D1) dopamine receptors with a selec-
tive agonist decreases striatal levels of NT (Merchant et al., 1989),
suggesting that the decreased caudate level of NT (and trend for
decreased SP) observed in human COC users could be mediated by
D-2 receptor activation, while the caudate DYN increase is a D-1-
mediated effect.

In this exploratory study we also examined the effects of long-
term COC use on neuropeptide levels in extra-striatal brain areas
and observed variable changes in MENK and NT levels in frontal
and parietal cerebral cortices. It is not possible to relate the changes
in these extra-caudate neuropeptide levels found in COC abusers to
preclinical studies as corresponding neuropeptide systems have
not been examined in laboratory animals. In principle, it is possible
that, overall, they reflect altered cortical functions associated with
the addiction process (Kalivas and Volkow, 2005; Winder et al.,
2002). In this regard, we observed that the neuropeptide levels in
cortical regions particularly altered in the COC users were Brod-
mann’s areas 9 (frontal cortex) and 39. These brain areas are es-
pecially important for functions such as decision making, cognitive
processing, initiative states and planning, functions reported to be
altered in drug abusers (Chen et al., 2003; Gouzoulis-Mayfrank
et al., 1999; Iyo et al., 1997; Srisurapanont et al., 2003).

Most efforts to develop pharmacotherapies for treatment of COC
addiction have focused on drugs acting on the brain DA system.
However, this approach has not yet resulted in success in the clinic
and an additional focus has involved development of drugs acting
on other target sites (e.g., neuropeptides) that are considered to
interact with the brain DA system, such as DYN, the endogenous
ligand for the k-opioid receptor (Shippenberg et al., 2007). The
physiological role of DYN in human brain is unresolved, but a vari-
ety of possible functions have been ascribed, including involvement
in a feedback system to suppress dopaminergic activity (Shippen-
berg et al., 2007) and as a mediator of the dysphoric component of
stress (reviewed in Land et al., 2008). In human clinical studies k-
opioid agonist administration produces a variety of subjective ef-
fects including dysphoria and perceptual disturbances (Walsh et al.,
2001). Dynorphin has been selected as a drug target for COC relapse
in large part because of animal data showing that dynorphin levels
are increased in basal forebrain regions considered to be relevant to
mechanisms of drug addiction following cocaine exposure. Our
postmortem data provide the first evidence that a change in DYN
tissue levels in brain regions considered to be important for drug
dependence is associated with long-term cocaine exposure in the
human. Although this finding by itself does not identify the pre-
ferred direction of therapeutic intervention in cocaine addiction
(i.e., do increased peptide levels suggest k-opioid agonist vs. an-
tagonist therapy is to be preferred?) it should provide further
stimulus to the clinical testing of therapeutics targeting the k-
opioid receptor system in human psychostimulant users.
Acknowledgements

This work was supported by PHS grants from NIDA, DA09407,
DA00378, and DA07182 (to SK).
References

Adams, D.H., Hanson, G.R., Keefe, K.A., 2001. Differential effect of cocaine and meth-
amphetamine on neurotensin/neuromedin N and preprotachykinin messenger
RNA expression in unique regions of the striatum. Neuroscience 102, 843–851.

Adams, D.H., Hanson, G.R., Keefe, K.S., 2003. Distinct effects of methamphetamine
and cocaine on preprodynorphin messenger RNA in rat striatal patch and
matrix. Journal of Neurochemistry 84, 87–93.

Alburges, M.E., Hanson, G.R., 1999. Ibogaine pretreatment dramatically enhances
the dynorphin response to cocaine. Brain Research 847, 139–142.

Alburges, M.E., Ramos, B.P., Bush, L., Hanson, G.R., 2000. Responses of the extra-
pyramidal and limbic substance P systems to ibogaine and cocaine treatments.
European Journal of Pharmacology 390, 119–126.

Alburges, M.E., Keefe, K.A., Hanson, G.R., 2001. Contrasting responses by basal
ganglia met-enkephalin systems to low and high doses of methamphetamine in
a rat model. Journal of Neurochemistry 76, 721–729.

Chen, C.K., Lin, S.K., Sham, P.C., Ball, D., Loh, E.W., Hsiao, C.C., Chiang, Y.L., Ree, S.C.,
Lee, C.H., Murray, R.M., 2003. Pre-morbid characteristics and co-morbidity of
methamphetamine users with and without psychosis. Psychological Medicine
33, 1407–1414.

Fagergren, P., Smith, H.R., Daunais, J.B., Nader, M.A., Porrino, L.J., Hurd, Y.L., 2003.
Temporal upregulation of prodynorphin mRNA in the primate striatum after
cocaine self-administration. European Journal of Neuroscience 17, 2212–2218.

Frankel, P.S., Alburges, M.E., Bush, L., Hanson, G.R., Kish, S.J., 2007. Brain levels of
neuropeptides in human chronic methamphetamine users. Neuropharmacol-
ogy 53, 447–454.

Gouzoulis-Mayfrank, E., Schreckenberger, M., Sabri, O., Arning, C., Thelen, B.,
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