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Objective: Recent work has underscored
the role of serotonergic neurotransmis-
sion in chronic neural adaptations to co-
caine dependence. The authors tested for
evidence of serotonergic dysfunction dur-
ing acute abstinence from cocaine, a pe-
riod of high risk for relapse in cocaine
dependence.

Method: Binding availability of dopa-
mine transporters and serotonin trans-
porters was measured in 15 cocaine-de-
pendent subjects during acute abstinence
and in 37 healthy comparison subjects by
using ['231]B-CIT and single photon emis-
sion computed tomography.

Results: Significant increases in dien-
cephalic and brainstem serotonin trans-
porter binding (16.7% and 31.6%, re-
spectively) were observed in cocaine-
dependent subjects. Brainstem serotonin
transporter binding was significantly in-
versely correlated with age across diag-
nostic groups.

Conclusions: These findings provide fur-
ther evidence of serotonergic dysfunction
during acute abstinence from chronic co-
caine use. Age-related decline in brain-
stem serotonin transporter binding may
underlie the poor response to selective se-
rotonin reuptake inhibitor antidepressants
seen in some elderly depressed patients.

(Am J Psychiatry 2000; 157:1134—1140)

C essation of chronic cocaine abuse is associated with
withdrawal symptoms that include dysphoric mood and
cocaine craving, which may be important triggers for re-
lapse to cocaine abuse (1). Cocaine blocks reuptake of
dopamine, serotonin, and norepinephrine into presynap-
tic neurons by binding to the neuronal membrane trans-
porters for these monoamines, thereby acutely increasing
extracellular levels of all three monoamines (2). Neural ad-
aptations to these effects of cocaine exposure, which per-
sist following cessation of drug intake, may mediate co-
caine withdrawal symptoms (3).

The central role of acute increases in extracellular dopa-
mine in the reinforcing properties of cocaine and, con-
versely, the role of depleted brain dopamine in cocaine
withdrawal have long been recognized (3, 4). However,
pharmacotherapeutic strategies for treatment of cocaine
dependence that exclusively target the dopamine system
have been ineffective (5), and mice lacking the dopamine
transporter self-administer cocaine, suggesting the impor-
tance of other neurotransmitter systems in this disorder (6).

Recent work has underscored the role of serotonergic
neurotransmission in cocaine dependence. Rat microdial-
ysis studies have shown that withdrawal of unlimited ac-
cess to self-administered intravenous cocaine is associ-
ated with severe depletion of extracellular serotonin in the
nucleus accumbens and potentiation of the dopamine-re-
lease-enhancing properties of serotonin (7). Both L-tryp-
tophan and fluoxetine increase brain serotonin concen-
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trations and decrease cocaine self-administration in
animals, although not when high doses of cocaine are
used (8). In mice, knockout of the serotonin transporter
leads to enhancement of conditioned location preference
for cocaine, a measure of the degree of cocaine-related re-
ward experienced by these animals (9).

In humans, transient depletion of serotonin by means of
administration of a solution of amino acids lacking the
serotonin precursor tryptophan decreases the subjective
effects of cocaine administration (10) and attenuates cue-
induced cocaine craving (11). Fluoxetine pretreatment,
which increases extracellular serotonin concentrations,
significantly attenuates the subjective effects of cocaine
administration in cocaine-dependent patients (12). How-
ever, double-blind, placebo-controlled trials of fluoxetine
in the treatment of cocaine-dependent humans have
failed to demonstrate efficacy (13).

Human postmortem studies have shown decreased se-
rotonin transporter binding sites, quantified with the radi-
oligand ['23]]2-carbomethoxy-3-(4-iodophenyl)tropane
([*231]B-CIT), in cocaine users with concurrent opiate use
(14). However, since opiates potently decrease brain
['Z1]B-CIT binding (15), it is unclear whether the decrease
in serotonin transporter binding observed in this post-
mortem study group was due to the singular or combined
effects of opiates or cocaine. In contrast, a recent postmor-
tem study of non-opiate-using, cocaine-overdose victims
demonstrated increased serotonin transporter binding in
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striatal and cortical regions, quantified with ['231]B-CIT in
the presence of benztropine to occlude binding to the
dopamine transporter (16).

In the present study, dopamine transporter and seroto-
nin transporter binding were examined in acutely absti-
nent non-opiate-using, cocaine-dependent patients and
healthy comparison subjects by using ['231]3-CIT and sin-
gle photon emission computed tomography (SPECT). Pre-
vious work has shown that ['231]3-CIT binding in the stria-
tum is displaced by the selective dopamine transporter
inhibitor 1-[2-bis-(4-fluorophenyl) methoxy] ethyl]-4-[3-
phenylpropyl] piperazine (GBR 12909) but not by the
selective serotonin transporter inhibitor citalopram,
whereas the reverse is true for binding of this ligand in the
diencephalon and brainstem (17). This indicates that stri-
atal [123[]B-CIT binding reflects dopamine transporter
binding availability, whereas diencephalic and brainstem
['Z1]B-CIT binding reflects serotonin transporter binding
availability. Brainstem [!23I]3-CIT binding chiefly reflects
binding to the serotonin transporter on neurons of the
raphe nuclei, locus ceruleus, substantia nigra, ventral teg-
mental area, and superior and inferior colliculi (18). Im-
proved methods of image analysis, including nonuniform
attenuation correction of SPECT images and coregistra-
tion of SPECT scans with magnetic resonance images
(MRIs), were used in the present study to permit accurate
and reliable identification of diencephalic, brainstem, and
cerebellar regions.

Given the recent postmortem findings in non-opiate-
using, cocaine-overdose victims, the current study was
performed to test the hypothesis that brainstem serotonin
transporter binding availability is increased in cocaine-
dependent patients. In addition, the relationship between
symptoms of depression during acute withdrawal from
cocaine and serotonin transporter binding availability was
examined. Finally, the presence of age-related changes in
serotonin transporter binding was investigated.

Method

Subjects

Healthy and cocaine-dependent subjects were assessed by
means of the Structured Clinical Interview for DSM-IV Axis I Dis-
orders (19), physical and neurologic examinations, and routine
laboratory tests to rule out medical and neurologic illness. Fifteen
subjects meeting the criteria for chronic cocaine dependence
(five women and 10 men; mean age=33.7 years, SD=4.8, range=
26-43) participated; five of these subjects also had comorbid at-
tention deficit hyperactivity disorder (ADHD) (20). There were no
other comorbid axis I disorders among the subjects. Patients who
used opiates within the preceding 6 months or met the criteria for
opiate dependence or physiologic alcohol dependence at any
time were excluded. On average, cocaine-dependent subjects
smoked 5.2 g (SD=3.2) of crack cocaine per week, consumed 4.5
alcoholic drinks per day (SD=5.9), usually in the context of co-
caine use, and had used crack cocaine for 13.0 years (SD=6.0). All
cocaine-dependent subjects had positive urine toxicology for the
cocaine metabolite benzoylecgonine on admission to an un-
locked inpatient unit, in which abstinence from alcohol and drug
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use before ['231]B-CIT injection and scanning were monitored by
means of repeat urine toxicology and breathalyzer screens. Co-
caine-dependent subjects were abstinent from drug and alcohol
use a mean 3.7 days (SD=3.8) before injection of [231]3-CIT.
Thirty-seven healthy comparison subjects (17 women and 20
men; mean age=35.8 years, SD=9.0, range=22-56) participated
and were free of any previous or current axis I disorders, including
substance or alcohol abuse or dependence. Healthy comparison
subjects consumed, on average, 0.4 alcoholic drinks per day (SD=
0.6) (information about alcohol consumption was available from
34 healthy subjects). Both healthy and cocaine-dependent sub-
jects were free of current or previous psychotropic medication
exposure.

All subjects provided written informed consent for participa-
tion in this study, which was approved by the Yale Human Inves-
tigations Committee and the Human Studies Subcommittee,
West Haven Campus, Department of Veterans Affairs Connecticut
Healthcare System.

Symptom Assessment

Among the cocaine-dependent patients, symptoms of depres-
sion were measured by using the Hamilton Depression Rating
Scale (21), and symptoms of ADHD were measured by using the
Wender Utah Rating Scale (22). A measure of impulsivity and ag-
gression, which are common features of ADHD, was derived by
summing the following items of the Wender Utah scale: 7, 9, 13,
24,27,28,35,41, and 42.

SPECT Imaging

['Z31]B-CIT was synthesized as has been described (17). Sub-
jects were pretreated with stable iodine before injection of a mean
6.0 mCi (SD=0.2) of ['23I]B—CIT. SPECT scanning was performed a
mean 21.8 hours (SD=1.3) after injection, when ['231]3-CIT bind-
ing is at equilibrium and dopamine transporter and serotonin
transporter binding potential can be estimated by computing the
ratio of specific to nondisplaceable uptake (V3") (23). SPECT
scanning was performed with a triple-headed, Picker PRISM 3000
camera (Cleveland), equipped with a low-energy, high-resolution
fan beam collimator. Resolution of this system, estimated with a
line source in a scattering medium, is 12 mm full width at half
maximum in all three axes. SPECT scanning began with the si-
multaneous acquisition of a transmission scan by using a line
source containing 20 mCi 57Co and a 15-minute emission scan,
followed by removal of the line source and acquisition of a 24-
minute emission scan. Both emission scans were acquired in con-
tinuous mode with the following parameters: 128 x 128 matrix,
3.56-mm slice thickness, 120° angular range, 3° angular step, 40
steps, 36 seconds per step, and 15.5-cm radius of rotation. An ax-
ial MRI scan was acquired on all subjects for coregistration with
SPECT emission scans.

Image Analysis

SPECT emission scans were reconstructed from photo peak
counts (20% energy window centered on 159 kiloelectron volts)
by using a Butterworth filter (power factor=10, cutoff=0.24 cycles
per second). Transmission scans were reconstructed by using a
Bayesian algorithm and a smoothing Gibbs prior with locally de-
veloped software (24). The two emission images were then coreg-
istered by means of SPM 96, and the same three-dimensional
transformation was applied to the transmission image. Nonuni-
form attenuation correction of the second emission image was
then performed by means of locally developed software (24). MR
scans were then coregistered to the SPECT transmission scan by
using a surface-matching algorithm in MEDx (Sensor Systems,
Sterling, Va.) (25) and reoriented so that the axial plane was paral-
lel to the intercommissural plane. The same three-dimensional
transformation was then applied to the emission image. The
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TABLE 1. Ratio of Specific to Nonspecific ['231]B-CIT Binding
(V3") for the Striatum, Diencephalon, and Brainstem in Co-
caine-Dependent Patients and Healthy Comparison Sub-
jects

Cocaine- Healthy

Dependent  Comparison

Patients Subjects Analysis of
Volume of (N=15) (N=37) Covariance?
Interest Mean SD Mean SD  F(df=1, 49) p
Striatum 8.66 1.09 7.62 1.10 8.49 0.005
Diencephalon 2.59 048 222 0.34 8.54 0.005
Brainstem 1.29 0.19 098 0.20 24.28 0.00001

2 The independent variable was diagnosis; the covariate was age.

coregistered, reoriented MRI was used to guide placement of
standardized, two-dimensional, region-of-interest templates for
the right and left striatum (eight slices), diencephalon (four
slices), brainstem (eight slices), and right and left cerebellum (six
slices). Three-dimensional volumes of interest were then created
for the striatum (total of eight right and eight left striatal regions
of interest, 9.5 cm?® each), diencephalon (four slices, 1.9 cm?3),
brainstem (eight slices, 3.7 cm?), and cerebellum (six right and
left cerebellar regions of interest, 43.2 cm? each). The diencepha-
lic volume of interest included the thalamus and hypothalamus,
while the brainstem volume of interest included the superior and
inferior colliculi and nuclei of the midbrain (substantia nigra,
ventral tegmental area, nucleus linearis, and dorsal and medial
raphe nuclei) and pons (nucleus raphe pontis and nucleus raphe
magnus) (25). The three-dimensional, volume-of-interest tem-
plate was then transferred to the coregistered, reoriented SPECT
emission scan to determine regional activity (counts per minute
per pixel).

Scans from nine subjects measured by two raters (L.K.J. and
J.K.S.) and remeasured by a single rater revealed inter- and in-
trarater reliabilities (intraclass correlation coefficients [27]), re-
spectively, of 0.99 and 0.98 for striatal activity, 0.96 and 0.99 for di-
encephalic activity, 0.91 and 0.99 for brainstem activity, and 0.97
and 0.99 for cerebellar activity. All scans for this study were mea-
sured by a single rater who was blind to patient diagnosis. Given
that the cerebellum is relatively devoid of the dopamine and sero-
tonin transporters (28, 29), cerebellar activity was used as a mea-
sure of nondisplaceable uptake. Thus, dopamine transporter
binding availability was estimated by using regional radioactivi-
ties measured from striatal and cerebellar volumes of interest in
the following equation: [striatal — cerebellum]/cerebellum=Vs".
Serotonin transporter binding availability was estimated by sub-
stituting, separately, diencephalic and brainstem for striatal vol-
ume of interest regional radioactivities in this equation.

Statistical Analyses

Differences between cocaine-dependent patients and healthy
comparison subjects in demographic variables were assessed by
means of chi-square and t tests for independent groups. Group
differences in dopamine transporter and serotonin transporter
binding availability were examined by means of repeated mea-
sures analysis of covariance (ANCOVA), with diagnosis as the in-
dependent variable and age as the covariate. Relationships be-
tween serotonin transporter and dopamine transporter binding
availability and age were examined by using partial correlation
coefficients to control for the effect of diagnosis. Relationships
between dopamine transporter and serotonin transporter bind-
ing and symptoms of depression during acute cocaine with-
drawal and symptoms of impulsivity and aggression were exam-
ined by using partial correlation coefficients controlling for the
effect of age. Effects of ADHD on serotonin transporter and
dopamine transporter availability were assessed in an explor-
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FIGURE 1. Ratios of Specific to Nonspecific ['231]3-CIT Bind-
ing (V3") for the Brainstem in Cocaine-Dependent Patients
and Healthy Comparison Subjects
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atory analysis performed by using repeated measures ANCOVAs,
with diagnosis (healthy, cocaine-dependent without ADHD, or
cocaine-dependent with ADHD) as the between-subjects vari-
able and age as the covariate.

Results

Cocaine-dependent and healthy subjects did not differ
in age, sex, or number of cigarettes smoked per day. How-
ever, a significantly greater proportion of cocaine-depen-
dent patients smoked cigarettes (11 cocaine-dependent
patients and 15 healthy subjects) (x2=4.6, df=1, p=0.03).
Cocaine-dependent subjects consumed more alcohol
than healthy subjects (t=4.0, df=47, p=0.0002). A signifi-
cantly greater proportion of the healthy subjects were Eu-
ropean American (x?=14.7, df=1, p=0.0001). On average,
healthy subjects had nearly 2 years more of education
than cocaine-dependent subjects (35 healthy subjects:
mean=14.6 years, SD=1.9; 15 cocaine-dependent subjects:
mean=12.7 years, SD=1.5) (t=3.4, df=48, p=0.001).

Mean values for V3" for striatal, diencephalic, and brain-
stem volumes of interest for cocaine-dependent and
healthy subjects are shown in Table 1. As shown, striatal
V3", reflecting dopamine transporter availability, in-
creased by 13.6% in cocaine-dependent subjects, whereas
diencephalic and brainstem V3", reflecting serotonin
transporter availability, increased by 16.7% and 31.6%, re-
spectively, in cocaine-dependent subjects. Neither smok-
ing status nor amount of alcohol consumed changed the
results of this analysis when entered as covariates in an
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ANCOVA. Brainstem V3" for cocaine-dependent patients
and healthy comparison subjects is displayed in Figure 1.

Partial correlation coefficients, controlling for diagnosis,
computed between age and V3" for the striatum, dienceph-
alon, and brainstem were as follows: striatum: r=—0.37, N=
52, p=0.007; diencephalon: r=-0.18, N=52, p=0.16; and
brainstem: r=-0.30, N=52, p=0.03. Partial correlation coef-
ficients, controlling for age, computed between Hamilton
depression scale scores and V3" for the striatum, dien-
cephalon, and brainstem within the cocaine-dependent
group were not significant. Similarly, partial correlation
coefficients, controlling for age, computed between scores
on the Wender Utah Rating Scale subscale measure of im-
pulsivity and aggression and V3" for the striatum, dien-
cephalon, and brainstem within the cocaine-dependent
group were not significant. Partial correlation coefficients,
controlling for age, computed between length of absti-
nence from cocaine before ['231]3-CIT injection, number
of years of cocaine use, and recent weekly amounts of co-
caine used and V3" for the striatum, diencephalon, and
brainstem within the cocaine-dependent group were not
significant. The only exception was a significant negative
correlation between recent weekly amounts of cocaine
used and diencephalic V3" (r=-0.62, N=15, p=0.01).

Exploratory ANCOVAs with diagnosis (healthy, cocaine-
dependent without ADHD, and cocaine-dependent with
ADHD) as the independent variable and age as the covari-
ate revealed a significant main effect of diagnosis across
all volumes of interest (striatum: F=4.16, df=1, 48, p=0.02;
diencephalon: F=4.60, df=1, 48, p=0.01; and brainstem: F=
11.95, df=1, 48, p=0.00006), with Bonferroni post hoc t
tests indicating that V3" was increased at all three regions
for cocaine-dependent patients with and without ADHD
relative to healthy comparison subjects. There were no
differences between cocaine-dependent patients with and
without ADHD in dopamine transporter or serotonin
transporter availability.

Discussion

In the present group of acutely abstinent, cocaine-de-
pendent patients, central dopamine transporter and sero-
tonin transporter binding was significantly increased rela-
tive to that seen in healthy comparison subjects. To the
best of our knowledge, this is the first demonstration of in-
creased diencephalic and brainstem serotonin transporter
binding availability in acutely abstinent, living, cocaine-
dependent patients. Increases in serotonin transporter
binding availability associated with cocaine dependence
was greatest in the brainstem—nearly twice that observed
in the diencephalon—likely reflecting the high concentra-
tion of serotonin transporter in this region (30). The signif-
icant negative correlation between recent weekly amounts
of cocaine used and diencephalic serotonin transporter
binding availability must be interpreted with caution, as
other regions did not exhibit this relationship. In addition,
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this measure of cocaine use was based on self-report and
thus may have been somewhat inaccurate.

The increase in striatal dopamine transporter binding
availability observed in cocaine-dependent subjects was
similar in magnitude to that observed in a separate group
of cocaine-dependent patients in this laboratory (31) but
smaller in magnitude to that observed in two postmortem
studies of cocaine abusers (14, 32). This difference in mag-
nitude of increase in dopamine transporter binding may
reflect the shorter intervals between last cocaine use and
measurement of dopamine transporter binding in post-
mortem studies than in in vivo imaging studies. However,
the failure of other postmortem (33, 34) and in vivo (35)
studies of cocaine-dependent subjects to show increases
in dopamine transporter binding availability suggests that
additional factors, such as the radioligand used to mea-
sure binding availability and cumulative cocaine exposure
(36), may also influence the direction and magnitude of
changes in the dopamine transporter binding measured.

The findings in the present study are consistent with pre-
vious work supporting a role for both dopaminergic and
serotonergic systems in chronic neural adaptation to co-
caine abuse (4, 6). Since dopamine transporters and sero-
tonin transporters function to terminate synaptic neu-
rotransmission by means of sodium-dependent reuptake
of dopamine and serotonin, respectively (37), chronic inhi-
bition of these monoamine transporters from repeated co-
caine use may induce a compensatory up-regulation. Al-
ternatively, cocaine has been shown to suppress serotonin
synthesis, leading to decreased tissue levels of serotonin
and its metabolite, 5-hydroxyindoleacetic acid (5-HIAA)
(38). Thus, the increases in diencephalic and brainstem
[1231]B-CIT binding observed in cocaine-dependent pa-
tients may instead reflect increases in the number of avail-
able binding sites on the serotonin transporter because of
decreased competition from endogenous serotonin (39).

If ['Z1]B-CIT binding bears a direct relationship to re-
moval of synaptic dopamine and serotonin by the dopam-
ine transporter and serotonin transporter, then elevated
dopamine transporter and serotonin transporter binding
availability during acute abstinence from cocaine could
be expected to lower synaptic concentrations of these
monoamines. Consistent with this, in nonhuman pri-
mates, serotonin transporter binding availability, as mea-
sured by ['23]3-CIT and SPECT, has been found to be neg-
atively correlated with cerebrospinal fluid levels of 5-HIAA
(40). However, recent work in rats has shown that, under
some conditions, changes in serotonin transporter bind-
ing availability do not parallel changes in the velocity of
uptake of synaptic serotonin (41).

Dopamine and serotonin depletion both induce de-
pressive relapse in remitted, depressed patients (42, 43).
Striatal dopamine transporter binding availability, as
measured by [1231]B-CIT and SPECT, has been found to be
increased in a group of patients with major depression
(44). However, central serotonin transporter binding avail-
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ability has been found to be reduced in major depression
(45) and negatively correlated with depressive symptoms
during alcohol withdrawal (46), which suggests that re-
duced serotonergic neurotransmission leading to com-
pensatory down-regulation of the serotonin transporter
may be the primary serotonergic abnormality in depres-
sion. Our failure to observe a relationship between de-
pressive symptoms during acute cocaine withdrawal and
serotonin transporter or dopamine transporter binding
availability likely reflects the very low rates of depressive
symptoms reported by this group. This is consistent with
previous observations that depressive symptoms experi-
enced by patients withdrawing from chronic cocaine use
in the inpatient setting are mild (47). A low central seroto-
nin level has also been associated with impulsivity and ag-
gression (48); however, levels of these symptoms among
cocaine-dependent patients were not significantly corre-
lated with serotonin transporter or dopamine transporter
binding availability.

Analyses that controlled for group differences in ciga-
rette smoking and alcohol consumption indicated that
these variables did not contribute to the elevations in
dopamine transporter and serotonin transporter binding
availability observed in cocaine-dependent subjects. In
fact, previous work in alcohol-dependent patients has
shown that dopamine transporter binding is low during
very early withdrawal (the first 4 days) and normalizes af-
ter 4 weeks of abstinence (49), whereas serotonin trans-
porter binding appears to remain low for at least 3 weeks
after the cessation of drinking (46).

The inverse relationship between age and dopamine
transporter binding availability observed in this study was
consistent with, but weaker than, that previously observed
in groups ranging in age from 20 to the mid-80s (50, 51),
most likely because of our exclusion of subjects above the
age of 60 years. The significant inverse relationship be-
tween brainstem serotonin transporter binding availabil-
ity and age was weaker than that observed for striatal
dopamine transporter binding availability. As noted
above, studies of age-related changes in serotonin trans-
porter binding availability have produced conflicting re-
sults. Two human postmortem studies using [*H]paroxe-
tine and examining the frontal cortex (52) and the dorsal
raphe nucleus (53) found no age-related changes in sero-
tonin transporter binding, whereas a third using [*H]imi-
pramine found increased serotonin transporter binding
with age in the frontal and parietal cortices and in the hy-
pothalamus (54). One in vivo study of healthy and alco-
holic subjects using ['?31]B-CIT and SPECT found no age-
related changes in serotonin transporter binding (46, 55,
56), whereas two [1231]B-CIT SPECT studies have demon-
strated age-related declines in serotonin transporter bind-
ing in healthy subjects. Cortical serotonin transporter
binding, measured by using [*H]paroxetine and [*H]imi-
pramine, has been found to increase with age in one rat
strain (Sprague-Dawley) (41), show no age-related
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changes in another rat strain (Fischer) (57, 58), and de-
cline with age in a mammalian species (the house musk
shrew) (58). Of importance, one study of the Fischer rat
showed early maturational increases in hippocampal se-
rotonin transporter binding, followed by significant de-
clines during senescence (57). These disparate findings
suggest that the observation of age-related changes in
central serotonin transporter binding availability may be
sensitive to a number of factors, including the radioligand
used, as well as the brain region, species, and age range ex-
amined. More work will be needed to achieve a complete
understanding of the relationship between age and sero-
tonin transporter binding availability. However, the age-
related decline in brainstem serotonin transporter bind-
ing availability observed in the present study and in two
others (55, 56) may mediate the poor response to selective
serotonin reuptake inhibitors seen in some groups of eld-
erly depressed patients (59).

Limitations of this study include the lack of a direct
measure of impulsivity and aggression, poor spatial reso-
lution of SPECT, and the use of a radiotracer that binds to
both the dopamine transporter and serotonin transporter.
Although earlier work, previously noted, has demon-
strated specific displacement of ['23I]B—CIT in the stria-
tum by pharmaceuticals that bind to the dopamine trans-
porter and in the brainstem by pharmaceuticals that bind
to the serotonin transporter (17), the contribution to
brainstem ['231]3-CIT binding from the dopamine trans-
porter, particularly in the region of the substantia nigra,
cannot be completely ruled out. Thus, these results will re-
quire replication with a serotonin transporter selective ra-
diotracer and a higher-resolution imaging modality, such
as positron emission tomography.
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