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Abstract Rationale: Late onset type 1 alcoholism hai('nj;troduction
been suggested to be associated with an underlying do-
paminergic defect. Therefore, it is relevant to study botficoholism that is characterized by late-onset, social de-
postsynaptic Dreceptor and presynaptic dopaminpendency and anxiety (type 1) has been suggested to be
transporter (DAT) densities among alcoholiOfjective: associated with an underlying dopaminergic deficit, as
We investigated DAT densities, along with striatal ar@pposed to the serotonergic deficit seen in early onset
extrastriatal dopamine Breceptor densities, in nine nontype 2 alcoholism, which is characterized by euphoria-
violent late-onset male alcoholics, who had no majseeking and violence (Cloninger 1995). Therefore, it is
mental disorder nor antisocial personality disordeslevant to study dopamine function in late onset alcohol-
(ASPD), and nine healthy controlslethods:[123]PE2l ism, such as postsynaptic-Beceptor or presynaptic do-
and [23]epidepride were used in SPECT imagife- pamine transporter (DAT) densities. In brain, the neuro-
sults: DAT occupancy ratios (striatum/cerebellum) wergansmitter dopamine (DA) is taken up by a specialized
significantly lower among alcoholics than in controlgarrier protein that is localized on the cell membrane of
Extrastriatal DB-receptor occupancy ratios (temporalopaminergic presynaptic nerve terminals. Radioactive
pole/cerebellum) were not significantly different bel23-labelled ligands have been used together with SPECT
tween the groupLonclusions:Striatal presynaptic DAT to visualize DAT in the living human brain (Brucke et al.
densities are decreased among type 1 alcoholics, and1B&3; Innis et al. 1993; Kuikka et al. 1993a, 1998;
finding is not associated with recent alcohol abuse.  Tiihonen et al. 1995). A cocaine analogup;(2arbome-
] ) thoxy-33-(4-iodophenyl)tropane, has high affinity to both

Kl% words A2|C0hO_||5m - Dopamine transporter - DA and other monoamine re-uptake sites, whefeas
[*#9]PE2I - [*4]Epidepride - SPECT (3-iodoprop-2E-enyl)-g-carboxymethoxy-B-(4-methyl-
phenylhnortropane (PE2I) binds selectively and with high
affinity to the DA transporter (Emond et al. 1997). In ani-
mal studies, PE2I has been shown to bind in brain areas
where DA transporter density is highest (Guilloteau et al.
1998). Recently, this finding was also confirmed in hu-
mans (Kuikka et al. 1998).

Findings concerning DAT densities among alcoholics
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The aim of this study was to investigate DAT dens 157
ties, along with striatal and extrastriatal dopamined

ceptor densities in late-onset non-violent alcoholics a 1 \A
age-matched healthy controls. /

Materials and methods

Patients 0,94

The procedure was approved by the local ethics commit Area
(Kuopio University Hospital), and all subjects gave their ir
formed consent. Exclusion criteria for all subjects were maj
mental disorders, traumas and neurological disorders, previ
drug abuse or present use of any psychotropic drugs. Nine n
violent male alcoholic patients were recruited with the help of 1
local rehabilitation center for alcoholics. The patients had r 'O\O
obtained pharmacological treatment for alcoholism, and the pe 03 \
od of abstinence had ranged from 1 week to 4 years. Exclud ' O _
one patient, who had abstained for 4 years, the mean (¢ ©
length of abstinence had been 43.5+62.36 days (range 7— 1 A o
days). All patients met the criteria for alcohol dependence r€8 erepelium \
abuse according to DSM-IV (American Psychiatric Associatic 004 T o
1994). They were interviewed by using SCID overview ar T4 , T " T " T " T
SCID-II interview concerning antisocial personality disorde 0 60 120 180 240
(First et al. 1996). The patients had neither histories of mer Time after injection (min)
illness nor antisocial personality disorder (which is commoniy
associated with type-2 alcoholism). Aside from two arrests far
drunken driving, none had committed any criminal offenses. T
mean age of alcoholic patients was 51.1+2.7 (mean+SD, ran

striatum

C (t) (%/1ID/100 mi)
R

. 1 Regional time-concentration curves &3Jepidepride in a
-year-old male. Areas under the curves (from zero to 210 min

45-54 years). Nine healthy males with a mean age of 46.3+ er injection of the tracer) were used to calculate the striatum-to-

41-52 years were recruited from health care personnel, to séfekeP€llum occupancy ratio

as controls. None of them had a history of alcohol dependence or

abuse. All control subjects had abstained from alcohol 7 days

prior to the SPECT scan. HPLC method (Bergstrom et al. 1997). The camera and computer
settings were similar to those in tH&3]PE2I study, and the com-
plete study lasted over 4 h for each individual.

Imaging procedures

[123]PE2I Radiation exposure

Subjects received 400 mg potassium perchlorate orally 0.5-1.8H& total radiation exposure to each study subject was approxi-
before injection of the tracer, in order to reduce uptake of radiogagately 8—-10 mSy, as given in the effective dosages.

tive 123 by the thyroid. The dose ofP|PE2I injected varied

from 165 to 220 MBg. The injection was administrated slowly in-

to the right antecubital vein in a quiet and dimly lit room. SPEaiata analysis

data were acquired by a MultiSPECT 3 gamma camera with fan

beam collimators (Siemens Medical Systems, Inc., Hoffm . . . . .
Estates, IIl., USA) as previously described (Kuikka et al. 199335’.\'035(2]?256"\'”?? ?;;gﬁ:“(‘)’?:%é?g?ﬁgfg%rfg\'l'vg (t)c;}t&)l fr:lé:iérrllecbkél-
The energy window was centered around the photopeakl rﬁ (as a reference region=free+non-specific binding) and onto

123 (148-170 keV). Over 360 (120> per camera head), . b i h
; ; : S : ; the basal ganglia (free+non-specific+specific binding). In addi-
40 views/head were acquired in a X288 matrix (pixel size of , the temporal poles were used as the regions of interest for ex-

2.8 mm). Transversal slices were reconstructed using a filte . S ; . . .
back projection technique (Butterworth: order of 8.0 and a cut-gff>triatal binding of £d]epidepride. Regions of interest were

frequency 0.75 cm) and corrected for gamma-ray attenuatiorgneasured in three consecutive slices and the average count density

with a uniform attenuation coefficient of 0.1 ¢inThe imaging in each volume of interest was tabulated and corrected for the ra-

resolution was 7-8 mm (Kuikka et al. 1998). No blood sampl active decay of23. A cross-calibration between the plasma

: " : ples and the regional brain count densities was performed
\évgrriirr]oflétr'r‘eﬂzhdiﬁg}/\;}d'ﬂafEZI studies. The complete study las Uikka et al. 1997). The cross-calibrated count densities were

given in %/ID/100 ml. The technologist who drew the regions of
interest and analyzed SPECT data was blind to the diagnosis of
12 i i the study subjects.

[*#4]Epidepride ~ The ratio of the tracer occupancy; [@l/ml)] in the given re-
On the day after theq3]PE2I study, the study subject received &ion (i), relative to that in the cerebellum J& (mi/ml)], was
185-220 MBq doself3i]epidepride (Kuikka et al. 1997), which used as indexes of DAT ang-Beceptor availability (Volkow et al.
was administered into the right antecubital vein. Venous blod896), and estimated as (Kuikka et al. 1997):

samples were collected from the left antecubital vein at 3, 10, 30,~ -

60, 120, 180 and 240 min after injection. Plasma was separa%(é}rdo'/oCBL area of RQfarea of ROts. (1)
and the parent (unchanged) plasma concentration (in percenwioére area of RQlvas the integral of the regional time-concen-
dose injected per 100 ml; %/ID/100 ml) and radioactive metakication curve t) from zero to 75 min forlpd]PE2I, and 210
lites of [23]epidepride were determined by using a gradiembin for [123]epidepride. Aregg, represented the integral of
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Fig. 2 Scatter plots of the DAT occupancy ratios (striatum-to-ceffig. 3 Linear relationships between the extrastriatal and striatal
ebellum) in alcoholics and in age-matched healthy males dopamine D[-receptor occupancy ratios in age-matched healthy
males ¢ ) and in alcoholics{)

the cerebellar time-concentration curve, &) (Fig. 1), where
the regional time-concentration curves were expressed
%/1D/100 ml. o ) i . )

Student'st-test and Spearman rank correlation were used The present findings, visualized by the highly selective

comparison between groups. radioligand PE2I (Kuikka et al. 1998), are in line with
the previous reports on results of lower DAT densities
among alcoholics compared with controls (Tiihonen et
Results al. 1995; Gilman et al. 1998; Little et al. 1998). Low
DAT density has been considered as a consequence of

In the123-PE2I measurements, the DAT occupancy ratiesute withdrawal after heavy drinking (Laine et al.
(striatum-to-cerebellum); mean+SD were significantl$999). However, according to the present study, it was
lower among alcoholics than in controls (3.8+0.7 aridund that the length of the abstinence period explained
4.840.5, respectivelyP<0.005, Student's-test) (Fig. 2). only 7% of the variance of DAT density. This implies
No significant correlation was found=0.27, P=0.51) that low DAT density is not only a state marker, but, at
between the length (43.5£62.36 days8) of sobriety least in some extent, also a trait marker for late onset al-
and DAT density. coholism. Striatum-to-cerebellum dopamingrBceptor

In the 123-epidepride measurements, the dopamimecupancy ratios, however, were not found to be lower
D,-receptor occupancy ratios (striatum-to-cerebellurm) alcoholics than in controls, as previously suggested
were not significantly different between alcoholics anHietala et al. 1994; Volkow et al. 1996), nor was any
controls (5.9+1.0 and 5.6%0.7, respectively). Howevesignificant difference found in the extrastriatal phase.
the percentage of the lipophilic metabolite of epidepridéne present findings indicate that presynaptic DAT den-
in plasma, which was measured after 60 min of injectiaity is lower in late-onset non-violent alcoholics than in
was significantly higher among alcoholics than in cohealthy controls. The decrease in DA reuptake possibly
trols (15.8+5.8% and 5.5+3.9%, respectivédPs0.005, represents a compensation of postsynaptic disturbance in
Student’st-test). The extrastriatal dopaming-E@ceptor DA transmission among type 1 alcoholics in a similar
occupancy ratios (temporal pole-to-cerebellum) were nody as has been suggested concerning presynaptic dopa-
significantly different between alcoholics and controlmine synthesis (Tiihonen et al. 1998).
(1.75£0.15 and 1.87+0.17, respectively), although aNo significant difference was observed in the extra-
highly significant (=0.97;P<0.001, Spearman rank corstriatal D-receptor occupancy between alcoholics and
relation) correlation existed between the extrastriatal azwhtrols. Because of striatal (unlike extrastriatal) uptake
striatal dopamine Preceptor occupancy ratios in alcoef [123]epidepride does not achieve true equilibrium, an
holics (Fig. 3). area method (Eq. 1) was used to calculate theeBep-

Dlp]scussion
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Fig. 4 Time-concentration data 0,45 12501
from the plasma parent sam-
ples, Cp(t), and cerebellar ROIs /O 1000
in a SPECT study using ]l d \
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(but not the striatal DAT occupancy that has achieved

equilibrium). Moreover, 23 ]epidepride is rapidly me-
tabolized, and radioactive lipophilic metabolites may eReferences
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