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Objective: Earlier platelet and postmortem brain studies have found alterations in serotonin
transporter function in ethanol-abusing human subjects. The present investigation tested the
hypothesis that brain serotonin transporter function is altered in chronic users of ethanol and
cocaine, which might be related to a common serotonin transporter promoter polymorphism.
Method: Serotonin transporter binding sites, serotonin transporter mRNA levels, and seroto-
nin transporter promoter variants were quantified in postmortem samples from a group of
human subjects who had been ethanol users or cocaine users and then compared to those of
a matched group of comparison subjects. Quantitative autoradiographic and in situ hybridi-
zation assays were performed in midbrain samples that contained the dorsal and median raphe
nuclei (the location of serotonin cell bodies that innervate the forebrain). Results: There was
asignificant overall cocaine-by-ethanol-by-genotype interaction. Dorsal raphe [1251]CIT bind-
ing to the serotonin transporter was lower in cocaine users than in comparison subjects. In
addition, serotonin transporter binding and serotonin transporter mRNA levels varied
significantly by genotype. It was also found that serotonin transporter binding in subjects with
either the short or heterozygote genotype was significantly higher in the ethanol-user subjects.
Conclusions: Serotonin transporter binding sites were regulated in a region-specific and sub-
stance-specific pattern, which was not simply a local response to functional blockade. Also, a
reciprocal relationship appeared to exist between cocaine and ethanol effects in the dorsal
raphe, which may have interesting clinical implications for dual-diagnosis patients. It is pos-
sible that serotonin transporter promoter genotype may play a complex role in chronic ethanol

dependence.
(Am J Psychiatry 1998; 155:207-213)

S erotonin neuronal dysfunction is implicated in sev-
eral substance abuse and clinical disorders, includ-
ing alcoholism (1), depression (2), suicidality (3), and
impulsivity (4). Increased imipramine binding to the se-
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rotonin transporter has been detected in hippocampal
samples from deceased subjects with evidence of etha-
nol exposure (5) and considerable evidence suggests
that changes occur in platelet serotonin transporter
function in alcoholics (6-8). The neurochemical and
clinical implications of these findings remain uncertain,
but recent evidence indicates that alterations in mono-
amine transporter function can significantly modulate
overall neuronal function (9, 10).

Cocaine acutely blocks the uptake of both serotonin
and dopamine by binding to the transporters specific
for each neurotransmitter. Although the effect of co-
caine on dopamine uptake is critical for reward, animal
experiments suggest that acute blockade of serotonin
transporter function may also contribute to clinical
symptoms such as euphoria, anxiety, and craving (11,
12). Chronic cocaine exposure increases binding sites
on the dopamine transporter in the striatum of human
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TABLE 1. Clinical Features of Comparison Subjects and Subjects With Chronic Cocaine METHOD
and/or Ethanol Use Who Were Tested for Postmortem Effects of Cocaine and Ethanol Use
Users of Subjects
Both
Cocaine Postmortem brain specimens were obtained
Comparison Cocaine Ethanol and at autopsy as authorized by the Office of the
Subjects Users Users Ethanol Wayne County Medical Examiner, Detroit, and
Feature (N=21) (N=17) (N=12) (N=14) stored at —70°C. The same autopsy process was
used for each of the 64 subjects, all of whom
Mean SD  Mean SD  Mean SD Mean SD had died suddenly from various causes (table 1).
Age (years) 382 96 418 91 431 126 351 6.4 I:;rgaw:(;ﬁ ‘;?J‘g;eg{?zﬁ:gfl)suct’rlﬁgﬁicdgggé‘;e:
Postmortem interval (hours) 184 5.9 172 6.2 16.0 35 156 5.6 using subjects (N=17), chronic ethanol-using
subjects (N=12), and subjects who used both
N N N N cocaine and ethanol (N=14). Subjects described
Classification of death as cocaine users or ethanol users met DSM-1V
Natural causes 14 6 8 3 criteria for either dependence or abuse except in
Homicide 4 6 3 8 a few cases where sufficient diagnostic informa-
Accident 3 5 1 3 tion was not available, but chronic use was
Cause of death documented. Each cocaine user displayed co-
Gunshot wound 4 5 2 8 caine on toxicological analyses. In five subjects
Cardiovascular event 9 10 8 4 with a diagnosis of ethanol dependence, ethanol
Motor vehicle accident 3 1 1 1 was not detected at autopsy. Conversely, three
Asthma 4 0 0 0 cocaine-using subjects were found with ethanol
Pneumonia 1 0 0 0 on toxicology, but other evidence indicated
Stabbing 0 1 1 0 these subjects were not ethanol dependent.
Fall 0 0 0 1 Some cocaine users not diagnosed as ethanol de-
Other psychiatric diagnoses pendent may have occasionally used ethanol.
Adjustment disorder with All diagnostic categorizations were assigned be-
depressed mood 1 0 0 0 fore assays were performed. To simplify inter-
Cocaine-induced psychosis 0 1 0 2 pretation,. subjects who had committed suicide
Schizoaffective disorder 0 1 0 0 were not included (3). _
Cocaine-induced mood Subjects were matched for postmortem inter-
disorder 0 4 0 3 val and age as shown in table 1. The majority of
Ethanol-induced mood subjects were male (comparison subjects, 67%
disorder 0 0 1 0 [N=14]; ethanol users, 92% [N=11]; cocaine
History of attention deficit users, 82% [N=14]; users of both ethanol and
disorder 0 0 0 1 cocaine, 79% [N=11]) and African American
Opioid abuse 0 6 0 1 (comparison subjects, 67% [N=14]; ethanol us-

users (13, 14), perhaps as a compensation for chroni-
cally diminished function. This effect might similarly
occur with the serotonin transporter.

Recent experiments have identified a common sero-
tonin transporter genomic variant in humans, located
in the serotonin transporter promoter region (15). This
polymorphism reportedly decreases expression of sero-
tonin transporter in peripheral lymphoblast cells and
might predispose an individual to ethanol- or cocaine-
induced alterations in serotonin transporter function,
or even to initial ethanol or cocaine abuse.

In the present investigation, we tested the hypothesis
that alterations in brain serotonin transporter exist in
chronic users of ethanol and cocaine. Serotonin trans-
porter binding sites and serotonin transporter mRNA
levels were quantified in postmortem samples from sev-
eral groups of human subjects who chronically abused
ethanol, cocaine, or both. Serotonin transporter bind-
ing sites were quantitated by radioligand autoradiogra-
phy and serotonin transporter mRNA was quantitated
by in situ hybridization in midbrain samples containing
dorsal and median raphe nuclei (the location of seroto-
nin cell bodies that innervate the forebrain). Serotonin
transporter promoter genotype was also determined for
each subject.

208

ers, 67% [N=8]; cocaine users, 88% [N=15];
users of both ethanol and cocaine, 71% [N=
10]). Subjects had similar socioeconomic back-
grounds, as quantitated by Hollingshead scale (16) scores: comparison
subjects, mean=3.2 (SD=0.3); cocaine users, mean=4.4 (SD=0.2), etha-
nol users, mean=4.0 (SD=0.3), users of both ethanol and cocaine, mean=
4.3 (SD=0.3).

Subjects did not have histories of serious medical illnesses, reflect-
ing the fact that medical examiner autopsies are performed in natural
deaths only when serious antecedent illnesses have not been pre-
viously discovered. Those with substance abuse exhibited a range of
typical comorbid psychiatric diagnoses (table 1), including cocaine-
induced mood disorder (N=7), ethanol-induced mood disorder
(N=1), cocaine-induced psychosis (N=3), schizoaffective disorder
(N=1), and history of childhood attention deficit disorder (N=1). In
addition, seven cocaine-using subjects were also diagnosed as opioid
abusers. Drug-using subjects (N=43) were chosen from a larger pool
of 55 potential subjects on the basis of availability of midbrain blocks
and clinical information. Comparison subjects (N=21) were chosen
from 75 potential comparison subjects, and met the following crite-
ria: 1) suitable cause of death (rapid, not result of chronic condition);
2) appropriate age, sex, and race to match drug-using subjects; and
3) absence of DSM-IV diagnoses.

Clinical Assessment

A research psychiatrist and a social worker (K.Y.L. and C.S.L.)
interviewed at least one informant for each subject, usually a rela-
tive. Other types of informants included neighbors, physicians,
other mental health professionals, fellow workers, police, medical
examiners, and newspaper reporters. Family members who partici-
pated in the study provided informed consent as approved by the
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Institutional Review Board of the University of Michigan. The
DSM-IV criteria for psychoactive substance abuse disorders, mood
disorders, psychotic disorders, and anxiety disorders were explic-
itly reviewed with informants. Also, the Family History Research
Diagnostic Criteria (17) checklists of symptoms for mood disor-
ders, alcoholism and antisocial personality, anxiety disorders, and
psychotic disorders, the Hamilton Depression Rating Scale, and the
Michigan Alcohol Screening Test (18) were completed. Later,
based on all available evidence and relying most heavily on data
from relatives and toxicological results, DSM-IV psychiatric diag-
noses were assigned at a consensus conference.

Toxicology. In order to provide information for diagnostic catego-
rization, urine or serum from subjects was assayed qualitatively for
the presence of stimulants, anxiolytics, marijuana, antidepressants,
and antipsychotics, by using a variety of methods including radioim-
munoassay, high-performance liquid chromatography, and gas chro-
matography-mass spectrometry. Because the assays sometimes were
performed on different types of samples and were not always per-
formed quantitatively, toxicological levels could not be correlated
with neurochemical data.

Laboratory Assays

Autoradiographic binding assays. The autoradiographic assay
methods for the high-affinity serotonin transporter radioligand
[1251]2B-carboxylic acid methyl ester-3p-(4-iodophenyl)tropane ([1251]-
CIT), also known as [1251]RTI-55, have been previously described
for human brain (19). Incubations were performed at 22°C in TRIS
buffer (50 mM, pH 7.4) with 120 mM NacCl for 4 hours, using a
saturating concentration (3.5 nM) of [1251]CIT (specific activity
2200 Ci/mmol, New England Nuclear/Dupont). Earlier work in hu-
man midbrain found a single binding site with high affinity, K4=
0.37+0.08 nM (19). Because the concentration of [1251]CIT used was
about 10 times its single site Ky, binding at this concentration likely
reflects the total number of binding sites (By,qy). However, two sero-
tonergic [*251]CIT binding sites have been reported in occipital
cortex, one with a low affinity K4 of 4.2 nM. If applicable to mid-
brain, this suggests that affinity changes could also alter binding
at 3.5 nM (20). Nonspecific binding for [1231]CIT was determined by
the addition of 100 nM citalopram. Because of its selectivity for the
serotonin transporter versus dopamine transporter (about 100,000x),
citalopram (100 nM) blocks binding to 99% of serotonin transporter
sites, but to only 3% of dopamine transporter sites (based on K; in
reference 19).

Slides were washed in successive TRIS buffer baths (two for 10
minutes each) and a deionized water bath (2 minutes), then apposed
to Kodak SB-5 film for 5-7 days. Optical densities were determined
by means of an MCID image analysis system (at the level demon-
strated in reference 19 [figure 6]). Midbrain topography was identi-
fied by using the atlases of van Domburg and ten Donkelaar (21) and
Olszewski and Baxter (22). Optical densities were evaluated by com-
parison to co-exposed commercial standards (Amersham, 1251 micro-
scale standards) and expressed in fmol/mg tissue, based on the con-
version data supplied by the manufacturer.

In situ hybridization. The in situ hybridization protocol used for
human midbrain has been described previously (23, 24). Briefly, sec-
tions were fixed in 4% paraformaldehyde for 1 hour, pretreated with
proteinase K to facilitate probe penetration into the tissue, and acety-
lated with 0.25% acetic anhydride (in 0.1 M triethanolamine, pH 8).
cRNA probes were transcribed in vitro from cDNAs cloned into plas-
mid vectors, using T7 and T3 RNA polymerases to generate 35S-ra-
diolabeled cRNA probes of high specific activity. Following overnight
hybridization (55°C), sections were treated with RNase to degrade
unhybridized probe, washed under stringent conditions (65°C in low
salt buffer—0.1 XSSC), and dehydrated. Sections were apposed to
Kodak X-OMAT AR X-ray film, along with 14C-radiolabeled stand-
ards (Amersham); the film was developed after 10-12 days. Treat-
ment of control sections with RNase A prior to hybridization or with
“sense” strand cRNA probes resulted in minimal signal. Hybridiza-
tion in the dorsal raphe, median raphe, and B9 regions were quanti-
fied at the level demonstrated in McLaughlin et al. (23). To control
for nonspecific degradation, mRNA for cyclophillin was measured
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(24, 25) and serotonin transporter mRNA levels for each individual
expressed as a ratio to cyclophillin mRNA levels. Cyclophillin is a
ubiquitous cell structural protein not related to serotonin transporter
function.

Genotyping. DNA was extracted from postmortem brain tissue
by using the Pure Gene extraction kit (Gentra). Oligonucleotide prim-
ers flanking the serotonin transporter polymorphic region and cor-
responding to the nucleotide positions that ranged from -1403 to
—-1384 and from -973 to —954 of the serotonin transporter regulatory
region were used to generate fragments with 406 or 450 base pairs
(26, 27). Polymerase chain reaction was then performed in a 10 pl
volume containing template, nucleotides, Taq polymerase (Ampli-
Tag, Perkin Elmer), and polymerization buffer, employing a Perkin
Elmer GeneAmp PCR System 9600, through 40 cycles. PCR product
was then separated at room temperature on 4% agarose gels.

Data Analysis

[*2511CIT binding and mRNA levels were initially compared
among groups by use of multivariate analysis of variance (MAN-
OVA) because data from the dorsal raphe, median raphe, and sub-
stantia nigra were related measures within individuals and appeared
to demonstrate similar responses to ethanol, cocaine, and genotype.
The initial MANOVA also served to direct further lower-order analy-
ses and limit the total number of statistical tests employed (28). A
three-factor model was constructed to examine the interactive effects
of cocaine, ethanol, and genotype on [1251]CIT binding (dorsal raphe,
median raphe, substantia nigra) and serotonin transporter mRNA
levels (dorsal raphe, median raphe, B9 region). Serotonin transporter
binding was not quantified in the B9 region; serotonin transporter
mRNA was not present in the substantia nigra. Simpler models were
used to examine two-factor interactions, and then univariate factors
were progressively examined, as indicated. Because of inhomogeneity
of variance, binding and mRNA levels were log transformed before
parametric analysis. The incidence of the various genotypes in the
different clinical categories was examined by chi-square.

A one-way analysis of variance (ANOVA) was used to examine the
groups for differences in age and postmortem interval. Age and post-
mortem interval data were also examined for correlation with both
binding and mRNA levels. Subjects were examined for race, sex, or
genotype differences in binding or mRNA levels across diagnoses by
multiway ANOVA. In addition, binding and mRNA levels were ex-
amined for correlation with each other by using Pearson’s product
moment within each region.

RESULTS

Figure 1 (nontransformed values) displays the overall
effects of cocaine and ethanol on binding in the three
midbrain regions. Significant cocaine-by-ethanol-by-
genotype interactions were found in the initial MAN-
OVA analysis by using the raw or log-transformed data
(Wilks’s lambda=0.86, F=2.66, df=3, 49, p=0.03).
[12511B-CIT binding in cocaine users appeared to be
lower in all three regions, but reached statistical signifi-
cance only in the dorsal raphe: dorsal raphe (mean=4.0
fmol/mg, SD=0.6, for comparison subjects, versus mean=
2.1 fmol/mg, SD=0.3, for cocaine users) (t=2.51, df=32,
p=0.02); median raphe (mean=2.9 fmol/mg, SD=0.6,
for comparison subjects, versus mean=1.9 fmol/mg,
SD=0.3, for cocaine users) (t=1.76, df=32, p=0.09); and
substantia nigra (mean=2.3 fmol/mg, SD=0.5, for com-
parison subjects, versus mean=1.2 fmol/mg, SD=0.2,
for cocaine users) (t=1.80, df=32, p=0.08). The appar-
ent difference between comparison subjects and ethanol
users in dorsal raphe was not statistically significant
(mean=4.0 fmol/mg, SD=0.6, for comparison subjects,
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FIGURE 1. Postmortem Analyses of the Effects of Cocaine and/or
Ethanol Serotonin Transporter Binding in Midbrain Regions of Com-
parison Subjects and Subjects With Chronic Cocaine and/or Ethanol
Use

7 [C1Comparison Subjects (N=21)
Il Cocaine Users (N=17)
[C1Ethanol Users (N=12)
[MUusers of Both Cocaine

and Ethanol (N=14)

['1)B-CIT Binding (fmol/mg)

Dorsal Raphe Median Raphe Substantia Nigra

versus mean=6.4 fmol/mg, SD=1.6, for the ethanol us-
ers) (t=1.63, df=27, p=0.11), possibly because vari-
ability was high and the effect was influenced by geno-
type. In contrast to serotonin transporter binding sites,
there were no drug abuse effects on serotonin trans-
porter mMRNA levels.

There was a consistent genotype effect on both sero-
tonin transporter binding and mRNA levels across re-
gions (figure 2). For this part of the study, the ethanol
users were excluded because they displayed a genotype-
by-ethanol interaction. Serotonin transporter binding
varied significantly by genotype and region (two-way
ANOVA, genotype-by-region, genotype main effect,
F=8.02, df=1, 87, p<0.001; region, F=5.75, df=1, 87,
p=0.005, no significant interaction). Serotonin trans-
porter binding in subjects with the heterozygous geno-
type was clearly lower than in subjects with the long
genotype, while subjects with the short genotype ap-
peared equivalent to long genotype, perhaps because of
the small number of subjects.

Serotonin transporter mRNA levels also varied sig-
nificantly by genotype, but not by region (two-way
ANOVA, genotype-by-region, genotype main effect,
F=8.28, df=1, 67, p<0.001; region, F=1.64, df=1, 67,
n.s.). Serotonin transporter mRNA levels in subjects
with the mixed and short genotypes were clearly lower
than in subjects with the long genotype.

There was a statistically significant ethanol-by-geno-
type interaction found by MANOVA which was lim-
ited to the dorsal raphe in the midbrain areas examined
for this study. [1251]CIT binding in subjects with either
the short or mixed genotype was significantly higher in
ethanol-using subjects than in comparison subjects
(mean=7.2 fmol/mg, SD=1.5, versus mean=2.7 fmol/
mg, SD=0.6) (t=2.97, df=25, p=0.006, two-tailed). Val-
ues were similar in ethanol users and comparison sub-
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jects with the long variant (mean=3.5 fmol/mg, SD=0.5,
versus mean=3.6 fmol/mg, SD=0.6) (n.s.). In subjects
without ethanol diagnoses, 8% (N=4) had the short
genotype; 17% (N=2) of the ethanol-user subjects had
the short genotype. Inspection of the clinical data on the
short- versus long-genotype ethanol users did not reveal
any distinguishing features. Several individuals were di-
agnosed with antisocial personality in each group and
Hamilton scores were similar for those individuals who
scored any points. There were no cocaine interactions
with genotype, nor any interactive cocaine effects on
MRNA levels.

Genotype frequencies for the four groups were as fol-
lows: comparison subjects—three unable to amplify,
three short, six mixed, nine long; ethanol-using sub-
jects—two short, five mixed, five long; cocaine-using
subjects—one short, seven mixed, nine long; and for
subjects who were users of both cocaine and ethanol—
no short, six mixed, eight long. The frequency of the
long allele ([(homozygous long N x 2) + mixed N] di-
vided by (total N x 2), where N is the number of subjects)
did not differ significantly among the subject groups: com-
parison subjects, 67%; ethanol-using subjects, 62%o; co-
caine-using subjects, 73%b; and subjects who were users of
both cocaine and ethanol, 79% (x2=1.87, df=3, p=0.60).
However, our total numbers were small and our case-con-
trol study design is imperfect for testing for possible asso-
ciation between genotype and clinical predilection to
either cocaine or ethanol abuse.

Binding and mRNA levels were not significantly cor-
related with each other in the same regions within indi-
viduals of the same group. There were no significant
differences in age or postmortem interval among the
various groups, and neither binding nor mRNA levels
correlated with these parameters. No significant race,
socioeconomic, or sex differences were discovered. Nei-
ther binding nor mMRNA levels were different in subjects
with mood disorder or psychotic diagnoses, or in sub-
jects with opioid abuse diagnosis, but the statistical
power for these analyses was limited.

DISCUSSION

The present findings are consistent with one earlier
postmortem human study (5), which found increased
[BH]imipramine binding in hippocampal dentate and
pyramidal cell layers from subjects who had died after
acute ethanol exposure. Animal experiments in alcohol-
preferring strains of rats have reported diffusely in-
creased binding to the serotonin transporter, although
not all studies found this effect (29, 30). One report
found no basal differences between strains, but noted
that ethanol exposure induced increased serotonin
transporter binding in several brain regions (31). To-
gether, these earlier experiments suggest that ethanol
use or a predisposition to use may involve brain seroto-
nin transporter.

No previous studies have explored cocaine effects in
postmortem human brain. Cunningham et al. (32) re-
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ported increased [3H]imipramine binding
in medial prefrontal cortex, frontal cortex,
sulcal prefrontal cortex, and dorsal raphe
nuclei of rats treated with cocaine (15 mg
i.p. b.i.d. for 7 days). In addition, Belej et
al. (33) reported that oral self-administra-
tion of cocaine in rats increased [3H]pa-
roxetine binding in three of 53 regions, in- 109
cluding by 219% in the accumbens. These o
rat studies, in view of our results, tenta-
tively suggest that cocaine effects on the se-
rotonin transporter may be different in hu-
mans; however, dosing amounts and
schedules may also contribute to differing
results. This is clearly the case with co-
caine’s effect on the dopamine transporter
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FIGURE 2. Postmortem Analyses of the Effects of Genotype Variant® on Serotonin
Transporter Binding and Serotonin Transporter mRNA Levels in Midbrain Regions of
Comparison Subjects (N=21) and Subjects With Chronic Cocaine Use (N=17)
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Several anatomical issues complicate in- 81 a
terpretation of the present results. Serotonin 2{ a"
transporter function in the substantia nigra N .
and the two raphe nuclei may have distinct -
overall effects on serotonergic signaling. In 0

the substantia nigra, serotonin transporter

molecules are axonally located and might

influence postsynaptic signaling by modu-

lating synaptic serotonin concentrations. In

contrast, serotonin transporter molecules in 3.0-
the raphe are somatodendritic and represent
collateral innervation from proximal and .
distal serotonergic neurons. Somatoden- 2.5
dritic transporters might be expected to
contribute to inhibition and synchroniza-
tion of cell firing rates. Because of this, an
increase in somatodendritic serotonin trans-
porter function, suggested by increased dor-
sal raphe [1251]CIT binding in alcoholics
with the short genotype, might serve to in-
crease serotonin firing rates by diminishing &
self-inhibition. Conversely, in cocaine-using =
subjects, a decrease in dorsal raphe seroto- 057 on
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bition, while a similar decrease in serotonin

uptake in the substantia nigra would tend
to promote serotonergic signaling by delay-
ing the clearance of synaptic serotonin. To
better reconcile these issues considerably
more information is needed about the status
of other perisynaptic factors also critically
involved, especially release rates and pre- and postsynap-
tic receptor sensitivities.

The data from this study represent the second recip-
rocal relationship we have detected between dopamine
and serotonin parameters in cocaine users. In earlier ex-
periments, we detected increased striatal dopamine
transporter binding, and in a different group of sub-
jects, higher frontal cortex serotonin and lower dopa-
mine levels, than in comparison subjects (36). In the
future it would be desirable to measure both mono-
amine transporter binding levels and neurotransmitter
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aShort variant is homozygous for the promotor deletion; long variant is homozygous,
no promotor deletion; mixed variant is heterozygous.

levels from the same groups. A useful feature of post-
mortem studies is the possibility of examining a number
of parameters in samples from contiguous sections in
the same individual.

The present genotype results appear generally consis-
tent with those of Lesch et al. (15), who examined bind-
ing, mMRNA levels, and uptake in lymphoblasts from
nine individuals. Lesch et al. found that heterozygote
genotypes were best classified with the short variants,
which was also the case for serotonin transporter
MRNA levels (but not serotonin transporter binding) in
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the present study. However, the apparently elevated
binding among those subjects with the short variant
was influenced by one very high value, and might sim-
ply reflect too small a sample. It is also possible, how-
ever, that there is a true difference between heterozy-
gotes and either type of homozygote. Unlike Lesch et
al., we were not able to examine actual serotonin up-
take, which we have found is not satisfactorily recover-
able in frozen samples because of variable postmortem
degradation.

The serotonin transporter polymorphism may be im-
portant clinically and one can anticipate an interest in
further screening of alcoholic patients and depressed
patients, particularly those refractory to treatment, as
well as screening of other populations suspected of se-
rotonin transporter abnormalities, such as those with
autistic disorder (37). Both genotype and peripheral se-
rotonin transporter binding can be fairly easily ex-
plored in peripheral tissue, although it is possible that
critical adaptations only occur in certain brain regions.

The detection of genotype, ethanol, and cocaine ef-
fects in this relatively small and complex population
suggests that each of the effects may be fairly robust.
Fortuitously, cocaine and ethanol alterations were in
opposite directions, allowing us to distinguish their dif-
fering effects. However, the size of these groups was
rather small and caution should be exercised in extend-
ing these findings until further replication occurs. Con-
fidence in the findings would be increased if the number
of subjects had been larger, more extensive sampling
were done in these regions, and other brain regions
were examined. Also, our clinical classification may
contain some errors because of the nature of the clinical
data. In particular, it may be that ethanol dependence
could have been missed in some cocaine users, although
efforts were made to prevent this. An ideal reclassifica-
tion might actually increase the apparent cocaine effect
since there were some high values in subjects using only
cocaine who might have been more accurately included
in the users of both cocaine and ethanol category.

In conclusion, it appears that regulation of serotonin
transporter binding sites is a dynamic process, with dis-
tinct region- and substance-specific patterns that are
more than local responses to functional blockade. There
may be a reciprocal relationship between cocaine and
ethanol effects in the dorsal raphe, perhaps clinically im-
portant for patients that are dually dependent. In sum,
the present data suggest that a better understanding is
needed of 1) the time course and doses involved in co-
caine- and ethanol-induced changes; 2) the range of brain
regions involved in cocaine, ethanol, and genotype ef-
fects; and 3) the clinical features associated with cocaine-
and ethanol-regulated serotonin transporter binding, and
various serotonin transporter genotypes.
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