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Accumulating evidence from clinical and preclinical studies shows that catechol-O-methyltransferase (COMT) plays a significant role in
dopamine metabolism in the prefrontal cortex, but not in the striatum. However, to what extent dopamine overflow in the prefrontal
cortex and striatum is controlled by enzymatic degradation versus reuptake is unknown. We used COMT deficient mice to investigate the
role of COMT in these two brain regions with in vivo voltammetry. A real-time analysis of evoked dopamine overflow showed that removal
of dopamine was twofold slower in the prefrontal cortex of mice lacking COMT than in wild-type mice, indicating that half of the
dopamine decline in this brain region results from COMT-mediated enzymatic degradation. Lack of COMT did not influence dopamine
overflow/decline in the dorsal striatum. COMT-deficient mice demonstrated a small (20 –25%) but consistent increase in evoked dopa-
mine release in the prefrontal cortex, but not in the dorsal striatum. Cocaine affected equally dopaminergic neurotransmission in the
prefrontal cortex in both genotypes by prolonging 3– 4 times dopamine elimination from extracellular space. Paradoxically, this hap-
pened without increase of the peak levels of evoked dopamine release. The present findings represent the first demonstration of the
significant contribution of COMT in modulating the dynamics of dopamine overflow in the prefrontal cortex and underscore the thera-
peutic potential of manipulating COMT activity to alter dopaminergic neurotransmission in the prefrontal cortex.
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Introduction
It is known that the density of dopamine transporter (DAT) is
much lower in the prefrontal cortex than in the striatum (Scatton
et al., 1985). In mice lacking dopamine transporter, dopamine
processing is only slightly modified in the prefrontal cortex, but
dopamine levels are significantly increased in the striatum (Mun-
dorf et al., 2001). Voltammetric studies have also identified con-
sistent differences between these structures, particularly a much
higher rate of release and reuptake of dopamine in the caudate
nucleus than in the prefrontal cortex (Garris et al., 1993; Garris
and Wightman, 1994).

It appears that once released, dopamine persists for a long
time in the extracellular space of the prefrontal cortex. Although
the noradrenaline transporter (Mundorf et al., 2001; Carboni and
Silvagni, 2004) and monoamine oxidase (MAO) (Westerink and
Spaan, 1982) contribute to dopamine elimination, catechol-O-

methyltransferase (COMT) evidently dominates in the regula-
tion of dopamine levels in this cortical area. Indeed, formation of
3-methoxytyramine, a predominant dopamine metabolite, cata-
lyzed by COMT, is higher in the prefrontal cortex than in the
striatum, where homovanillic acid prevails (Karoum et al., 1994).

In majority of previous works, the role of COMT in regulation
of extracellular dopamine has been investigated in striatum, us-
ing tolcapone, a brain penetrating COMT inhibitor (for review,
see Männistö and Kaakkola, 1999). In one microdialysis study,
the effects of tolcapone were analyzed in the prefrontal cortex.
Acute tolcapone alone did not affect dopamine release, but it
enhanced the effect of clozapine and K�-depolarization (Tun-
bridge et al., 2004). In the present work, Comt gene-disrupted
mice (Gogos et al., 1998) were used to quantify the role of COMT
in the dynamics of dopamine overflow in the prefrontal cortex
and dorsal striatum.

COMT is genetically polymorphic having three levels of activ-
ity, low (COMT LL), intermediate (COMT LH), and high
(COMT HH) (Weinshilboum and Raymond, 1977; Boudikova et
al., 1990), which are determined primarily by a common Val108/
158Met polymorphism (Lachman et al., 1998) that results from
the thermolability of the Met variant. Although the frequencies of
the Val and Met alleles vary fourfold among populations (De-
Mille et al., 2002), the COMT activities fluctuate much less
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(�40% according to Chen et al. (2004). The impact of COMT
polymorphism on cognition and in a progress of mental disor-
ders has recently gained attention (Männistö and Kaakkola, 1999;
Egan et al., 2001; Tunbridge et al., 2004; Gothelf et al., 2005; Mata
et al., 2006; Tunbridge et al., 2006; Raux et al., 2007). Despite
numerous reports, the role of COMT remains unclear because
genetic association studies of clinical diagnosis have not been
convincing (Munafo et al., 2005). Based on a large meta-analysis,
a modest relationship between the Val108/158Met genotype and
executive performance has been seen in healthy individuals, but
not in schizophrenics (Barnett et al., 2007).

In this study, we describe for the first time the dynamics of
evoked dopamine overflow in real-time, using in vivo voltamme-
try in the prefrontal cortex and in the caudate nucleus in COMT
knock-out (KO) mice and their wild-type (WT) littermates. We
also analyzed the effects of blocking dopamine transporter with
cocaine in these mice.

Materials and Methods
Animals. COMT KO mice were originally generated by Gogos et al.
(1998). The mutated COMT allele was introduced into a mixed 129Sv/
C57BL/6J genetic background and by four-generation backcrossing the
mutation was introduced into a more homogenous C57BL/6J genetic
background. Heterozygous (COMT�/�) male and female mice were
bred in the National Laboratory Animal Center (Kuopio, Finland) to
produce mice of all three genotypes. The mouse strain was regularly
enriched by breeding C57BL/6J males or females with heterozygotes.

The genotype was determined by PCR. Genomic DNA was isolated
from tail biopsies as described by Laird et al. (1991). For genotyping, a
PCR method was developed using ACCATGGAGATTAACCCTGAC-
TACG (sense), GTGTGTCTGGAAGGTAGCGGTC (antisense) primer
set to detect wild-type alleles, and GTGTTCCGGCTGTCAGCGCA
(sense), GTCCTGATAG-CGGTCCGCCA (antisense) primer set for the
targeted alleles. Genomic PCR was completed using the Fail Safe PCR
system (Epicenter Technologies, Madison, WI) using Fail Safe buffer B
and the following thermal cycles: an initial denaturing at 98°C for 1 min
and 35 cycles consisting of a denaturing temperature of 94°C for 30 s, an
annealing temperature of 65°C for 1 min, and extension at 72°C for 3 min
with a final extension of 70°C for 10 min. The amplified fragments were
visualized by ethidium bromide staining under UV light after electro-
phoresis in a 2% agarose gel.

Preparation of animals. Animals were kept under controlled condi-
tions at the National Laboratory Animal Center (temperature �22 �
1°C, lights on from 7:00 A.M. to 7:00 P.M.; humidity, 50 – 60%), with
food and water available ad libitum. The experiments were conducted
according to the European Community (Directive 86/609) guidelines,
and approved by the Animal Ethics Committee at the University of Kuo-
pio and local provincial government.

The 7- to 9-month-old male mice (28 –36 g) were anesthetized with
chloral hydrate (450 mg/kg, i.p.) and fixed in a stereotaxic frame. Rectal
temperature was kept at 37°C with a heating lamp. The electrochemical
probe (carbon fiber working electrode) was inserted through an opening
in the skull first to the caudate nucleus [anterioposterior (AP), 0.5 mm;
lateral (L), 2.2 mm and 6° from vertical; and ventral (V), 3.5 mm from
bregma]. After measuring of dopamine overflow, the probe was removed
and inserted in the prefrontal cortex (V, 1.8 mm) via another preliminary
drilled opening in the skull with the following coordinates: AP, 2.47 mm;
L, 0.5 mm. We slant the probe (6° from vertical) to eliminate bleeding
from the sagittal sinus. The same angle of the probe was also applied for
the dorsal striatum site to keep mechanical assembly of stereotaxic in-
strumentation (arm with probe) stable. A bipolar stimulating electrode
was implanted in the medial forebrain bundle (AP, �2.1 mm; L, 1.1 mm;
H, 5.0 –5.2 mm) according to the mouse brain atlas (Paxinos and Frank-
lin, 2000). The exact placement of the stimulating electrode in the dor-
soventral coordinate was adjusted for maximal dopamine release in the
caudate nucleus and the electrode was not moved during changing of the
probe position. A small leak-free Ag/AgCl reference electrode in a saline

bridge was placed on the skull. A stainless-steel screw was fixed onto the
skull as the auxiliary electrode.

Electrochemical technique. Stimulated release and reuptake of dopa-
mine (termed here as dopamine overflow) was measured using constant
potential amperometry (CPA) with a single Nafion-coated carbon fiber,
30 �m in diameter (World Precision Instruments, Sarasota, FL), insu-
lated with epoxy glue in pulled capillary glass. A custom-built three-
electrode potentiostat held the working electrode at 0.4 V against an
Ag/AgCl reference electrode. The current at the working electrode was
converted to voltage at a headstage converter. During registration of
dopamine release in the prefrontal cortex, CPA was temporary switched
to the fast cyclic voltammetry (FCV; from �0.4 to 0.9 V and back to �0.4
V, 50 V/s, at 0.2 s intervals). Five cyclic voltammograms were taken at
equal intervals during the period �2 on the descending part of the curve b
(see Fig. 1), starting from the peak dopamine release, averaged and sub-
tracted from the five cyclic voltammograms that were taken at the same
intervals and averaged immediately before stimulation. Subtracted cyclic
voltammograms (Fig. 1c), together with cocaine treatment (see below),
were used for identification of released substances (Phillips and Wight-
man, 2003). The validity of the use of voltammetry for measurements of
stimulated dopamine release in the prefrontal cortex was discussed pre-
viously (Garris et al., 1993). Working electrodes were calibrated before
and after implantation except electrodes that were used for verification of
the locations of the probes. Marking positions were made with anodic
current (6 V, 15 s) applied via the working electrode.

Electrical stimulation and experimental protocol. A battery-operated
constant current unit (A365; World Precision Instruments) run by a
personal computer was used for the stimulation. Monophasic constant
current pulses (1 ms in duration) of 180 �A were delivered to the stim-
ulation electrode at different frequencies (10 – 60 Hz, 2 s in duration) and
lengths (0.2–2 s, 50 Hz). These stimulations produced from barely mea-
surable to near maximal dopamine release.

The intervals between stimulations varied in dependence on the inten-
sity of stimulation from 1 min (after 10 Hz, 2 s stimulation) to 6 min
(after 60 Hz, 2 s stimulation). This approach allowed to minimize influ-
ences of previous stimulation on the next one. Cocaine hydrochloride
was dissolved in deionized water and injected intraperitoneally at a dose
of 20 mg/kg. The effects of cocaine were analyzed 30 min after the treat-
ment at different stimulation lengths and frequencies.

After lowering the probe to the caudate nucleus, finding an optimal
location of the stimulating electrodes and stabilization of the baseline
and responses, series of stimulations with different parameters as de-
scribed above were applied on the medial forebrain bundle (MFB). After
that, the probe was removed from the caudate and inserted in the pre-
frontal cortex. Similar series of stimulations (except stimulation at 10 Hz,
which produced very low response in this structure) were applied on the
MFB. Cocaine was injected after these measurements and consequences
of the stimulations of the MFB were repeated again 30 min after
treatment.

Data presentation and statistical analysis. Dopamine release was ex-
pressed in molar concentrations. The effects of cocaine were calculated in
molar concentrations as the peak dopamine response before and after
treatment. The right slope of the dopamine overflow curve reflects the
dynamics of dopamine elimination from the extracellular space (Wight-
man et al., 1988). This curve can be approximated by a standard expo-
nential function f(t) � Ae�kt � C. Curve fitting was made with Clampfit
version 8 (Molecular Devices, Sunnyvale, CA) using signals of similar
amplitudes (e.g., after 20 Hz stimulation in the caudate and 60 Hz stim-
ulation in the prefrontal cortex). We analyzed and depicted dopamine
decay from the extracellular space using parameter tau (� � 0.69 k �1),
which is the time of the twofold decrease of the peak dopamine concen-
tration after stimulation.

The effects of genotype on the peak dopamine release and dopamine
elimination from the extracellular space were statistically analyzed with
multivariate ANOVA (MANOVA; Prism 3; GraphPad Software, San Di-
ego, CA). An anatomical structure (dorsal striatum and prefrontal cor-
tex) or treatment (cocaine, saline) and the frequencies or lengths of stim-
ulations were used as the within-subject factors and genotype as the
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between-subject factor. Bonferroni post hoc pairwise comparison was
used to compare individual groups. Data are presented as mean � SEM.

Results
Dopamine overflow in the caudate (Fig. 1a) was distinctly differ-
ent from overflow in the prefrontal cortex (Fig. 1b). Specifically,
stimulation of the MFB induced a sharp increase in the extracel-
lular dopamine concentration in the caudate nucleus followed by
a fast decay resulting from effective dopamine reuptake. In con-
trast, rise in dopamine levels after stimulation was considerably
slower in the prefrontal cortex. Peak concentrations of dopamine
in the prefrontal cortex were at least 10 times lower than in the
caudate at high frequencies of stimulation. Dopamine removal
was also significantly slower in this brain area, so that tau (�)
calculated for the WT mice was �10 times lower than in the
caudate nucleus (1.92 � 0.22 s vs 0.2 � 0.03 s for the caudate

nucleus and prefrontal cortex, respectively; F(1) � 61.78; p �
0.001) (Fig. 1a,b). The electrochemical approach used in this
work (CPA) does not distinguish between dopamine, its metab-
olites, and ascorbic acid, thus raising questions regarding the
specificity of the voltammetric signal in the prefrontal cortex. In
addition to treatment of the electrode with anion repelling poly-
mer (Nafion), which significantly improves selectivity (Gerhardt
et al., 1984), we used FCV and obtained cyclic voltammograms
typical for dopamine (Fig. 1c). Finally, response to cocaine (see
below) was also taken as an additional verification of the speci-
ficity of the signal.

The role of COMT levels in dopamine overflow in the caudate
and prefrontal cortex was studied by comparing data obtained in
WT and COMT KO mice (Fig. 1). We found significant differ-
ences in the effects of genotype in these two brain regions. Spe-
cifically, COMT KO mice demonstrated a twofold slower decay
of dopamine in the prefrontal cortex compared with WT litter-
mates (anatomical structure by genotype interaction; F(1) � 7.56;
p � 0.01), whereas no differences in dopamine decay were iden-
tified between COMT KO and WT mice in the caudate nucleus.

Genotypic differences were also observed in the amount of
extracellular dopamine (peak dopamine release) after stimula-
tion, likely reflecting the differences in neurotransmitter re-
moval. COMT KO mice demonstrated a small (20 –25%) but
consistent increase in dopamine release in response to stimula-
tion of increasing length in the prefrontal cortex in comparison
with WT mice (Fig. 2b) (F(1) � 8.86; p � 0.005). No such differ-
ences between genotypes were observed in the caudate nucleus
(Fig. 2a) (F(1) � 0.61; p � 0.5). Peak dopamine concentrations in
response to stimulation at different frequencies (Fig. 2c,d) were
also different between genotypes in the prefrontal cortex, so that
COMT KO mice showed again slightly higher stimulated dopa-
mine release (Fig. 2d), which was significant at low (20 –30 Hz),
but not at the high (50 and 60 Hz) frequencies of stimulations
(F(1) � 12.08; p � 0.001). No differences in dopamine release
were seen in the caudate nucleus (Fig. 2c).

Modified reuptake could account for changing dopamine de-
cay in COMT KO mice. In experiments using cocaine to block
DAT we found that, in the prefrontal cortex, cocaine prolongs
transients of dopamine after neuronal bursts without increasing
their amplitudes (Fig. 3). However, the effects of cocaine on the
dopamine removal were similar between genotypes (Fig. 3) (ge-
notype by treatment interaction; F(1) � 0.58; p � 0.45). This
finding suggests that affinity of DAT is not different between the
genotypes and, thus, differences in removal of dopamine in the
prefrontal cortex resulted directly from the lack of COMT. Inter-
estingly, despite the effects of cocaine on the reuptake of dopa-
mine, we did not find any effects of the drug on the peak dopa-
mine release in the prefrontal cortex in either genotypes (Fig. 4).
This opposes with well established effects of cocaine in the cau-
date and nucleus accumbens, where it increases peak dopamine
release (Stamford et al., 1988; Garris and Wightman, 1995; Wu et
al., 2001; Greco and Garris, 2003; Walker et al., 2006).

Discussion
Doubling of the time of elimination of dopamine from extracel-
lular space in prefrontal cortex of COMT KO mice suggests that
at least half of the extracellular dopamine is conjugated by COMT
in the prefrontal cortex of WT mice. This represent the first quan-
titative estimation of the role of COMT in elimination of extra-
cellular dopamine using in vivo voltammetry. Our results are
consistent with qualitative predictions based on previous find-
ings that reuptake in the prefrontal cortex is not as efficient as in

Figure 1. Dynamics of dopamine elimination from extracellular space in the caudate nucleus
(a) and prefrontal cortex (b) in COMT knock-out and wild-type mice. a, b, Dopamine overflow
after stimulation of the medial forebrain bundle. Stimulation (0.8 s, 50 Hz) was marked by a
horizontal bar above the time scale. Dopamine elimination was characterized using parameter
� � time (in seconds) of the twofold decrease of the peak dopamine concentration (see Mate-
rials and Methods). Curves of dopamine decay in the caudate (a) and prefrontal cortex (b) were
approximated by exponential decay function. c, Five cyclic voltammograms (CVs) were taken at
equal intervals during period �2 on the descending part of the curve b, starting from the peak
dopamine release, averaged, and subtracted from the five CVs that were taken at the same
intervals and averaged immediately before stimulation. Subtracted CVs demonstrated oxida-
tion (downward, at �0.5 V) and reduction (upward, at about �0.2 V) peaks, which are specific
for dopamine. d, Mean � SEM (n � 7) of tau calculated for the caudate and prefrontal cortex in
WT and COMT KO mice. *p � 0.05 (WT vs KO).
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the striatum (Garris et al., 1993; Garris and Wightman, 1994;
Sesack et al., 1998; Mundorf et al., 2001). Indeed, our data clearly
show that dopamine lingers in extracellular space in the prefron-
tal cortex 10 times longer than in the caudate nucleus.

Both MAO and COMT are intracellular enzymes; soluble
COMT can be found in cytoplasm and nucleus whereas
membrane-bound COMT is located in rough endoplasmic retic-
ulum (Ulmanen et al., 1997). Cellular localization of COMT in
the brain is still poorly characterized. Based on a few immuno-
histochemical studies (Kaplan et al., 1981; Karhunen et al., 1995)
and studies assaying COMT activity (Silberstein et al., 1972; Gar-
barg et al., 1975; Hansson and Sellström, 1983; Spatz et al., 1986),
COMT appears to be located in both glia and neurons. Previous
COMT mRNA distribution studies suggest neuronal rather than
glial localization in rats and humans (Matsumoto et al., 2003).
Destruction of dopamine neurons by toxins, does not result in
loss of striatal COMT activity, suggesting that nigrostriatal dopa-
mine neurons do not contain significant amounts of COMT
(Rivett et al., 1983; Kaakkola et al., 1987).

Assuming intracellular localization of COMT, dopamine

should be first transported to the cells and only after that it can be
metabolized by COMT and MAO-B (Trendelenburg, 1988). As a
result, the duration of extracellular dopamine transients depends
primarily on the efficacy of transportation of dopamine to glial
cells or postsynaptic neurons and secondarily on the metaboliz-
ing ability of the enzymes. The capacity of glial uptake or postsyn-
aptic neuronal uptake is 100 times higher (Vmax, 100 nmol/g/
min) than capacity of presynaptic dopamine reuptake, and
affinity is very low (Km, 250 �M vs �0.3 �M for DAT) (for review,
see Trendelenburg, 1988; Männistö et al., 1992). We suggest that
a lack of COMT produces intracellular accumulation of dopa-
mine which results in slowing down further uptake-2 and pro-
longs the lifetime of extracellular dopamine transients. However,
there is no direct experimental evidence that lack of COMT
causes accumulation of dopamine in glial or postsynaptic cells
yet.

Experiments in DAT-deficient mice show that reuptaken
rather than newly synthesized dopamine contributes more signif-
icantly to the maintenance of vesicular stores of dopamine (Jones
et al., 1998). Synthesis of dopamine is a relatively slow process
(Besson et al., 1969). Therefore, in areas such as the striatum,
dopamine reuptake represents the main mechanism for immedi-
ate replenishment of the readily releasable pool (RRP) of neuro-
transmitter during neuronal bursting.

In the prefrontal cortex, however, the low density of DAT
(Scatton et al., 1985) and the apparent elimination of one-half of
dopamine transient by uptake-2 and subsequent metabolism by
COMT may seriously limit the RRP and ability of local dopami-
nergic terminals to respond to neuronal bursting which may have
profound consequences on prefrontal dopaminergic transmis-
sion. The exact role of this apparently “uneconomical” approach
to dopamine removal in prefrontal-based adaptive behaviors re-
mains to be determined. However, it is clear that modulation of
the COMT activity has a high impact on the function of the
prefrontal cortex and thus a considerable therapeutic.

Parameters of dopamine overflow in the mouse prefrontal
cortex obtained in the present study are very similar with those
described previously in the rat prefrontal cortex where the release

Figure 2. a– d, Dopamine overflow in the caudate nucleus (a, c) and prefrontal cortex (b, d)
in dependence on the length and frequency of stimulation of the medial forebrain bundle and
genotype. a, b, Peak dopamine overflow (mean � SEM; 7 mice per group in all experiments) in
response to increasing lengths (0.2–2 s) of 50 Hz stimulations. c, d, Peak dopamine overflow in
response to increasing frequencies (10 – 60 Hz in the caudate and 20 – 60 Hz in the prefrontal
cortex) of 2 s stimulations. Cau, Caudate nucleus; Pre, prefrontal cortex. Dopamine overflow in
the prefrontal cortex was significantly higher in the COMT KO mice (for statistics, see Results).

Figure 3. The effects of cocaine (20 mg/kg) on dynamics of dopamine elimination from
extracellular space in the prefrontal cortex after short stimulation of the medial forebrain bun-
dle in COMT KO and WT mice. The right panel shows typical example of the curves of dopamine
release and removal after 2 s, 50 Hz stimulation before and after cocaine treatment. Recordings
were filtrated with Clampfit (boxcar, 5 smoothing points) and approximated by an exponential
decay function (see Materials and Methods). The width of the slope of dopamine decay at the
half-height of the peak (�) was calculated and presented as mean � SEM (n � 7) in the left
panel. Note that the large dose of cocaine significantly increased � in both genotypes (*p �
0.05), but we did not find genotype-dependent differences in the effects of cocaine.
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of dopamine per pulse of stimulation is approximately one-tenth
of that in the caudate nucleus (Garris et al., 1993; Garris and
Wightman, 1994).

We used cocaine to evaluate the contribution of reuptake in
WT and COMT KO mice. We expected that cocaine would in-
crease peak dopamine levels in both genotypes because extracel-
lular dopamine levels after stimulation are a result of two oppos-
ing processes: release and reuptake (Wightman et al., 1988).
Cocaine increases evoked dopamine levels in striatum (Greco
and Garris, 2003). However, it did not affect the amplitude of the
dopamine transient in either genotype in the prefrontal cortex.
One explanation for this finding is the relatively small contribu-
tion of reuptake in prefrontal dopamine overflow, which may
decrease the effect of cocaine on peak amplitudes to undetectable
levels. Another possible explanation is a smaller RRP caused by a
lower reuptake and subsequent decrease of the release per pulse
of stimulation. We tested this hypothesis with the random walk
model, which describes the dynamics of stimulated dopamine
release and reuptake (Schmitz et al., 2001) and is incorporated in
the Mini Analysis Program (Synaptosoft, Decatur, GA). Model-
ing showed that cocaine significantly decreased release per pulse

of stimulation (from 0.013 � 0.001 to 0.009 � 0.001 �M) and
increased Km (from 0.4 � 0.05 to 3.54 � 0.51 �M). However,
because the model was created for analysis of dopamine dynam-
ics after single-pulse stimulation (vs trains of pulses in our exper-
iments), and the exact nature of uptake-2 in the prefrontal cortex
is unknown, these results should be taken with caution.

Our data show that the effects of cocaine on the prefrontal
cortex may be determined entirely by the increased time of pres-
ence of neurotransmitter in the extracellular space after transient
release, an indication of the importance of volume transmission
in the mechanism of action of cocaine in the prefrontal cortex,
particularly in cocaine relapse (McFarland and Kalivas, 2001; Re-
bec and Sun, 2005).

In contrast to the effect of cocaine, lack of COMT resulted in
an increase of the peak amplitudes of dopamine overflow (20 –
25%) in the prefrontal cortex. Inactivation of dopamine by
COMT would decrease the amount of dopamine outside the neu-
rons, and subsequently limit availability of dopamine for re-
uptake. This, in turn, would gradually decrease dopamine accu-
mulation in the RRP and the amount of dopamine released per
pulse. According to this hypothesis, lack of COMT in COMT KO
mice conserves dopamine for reuptake by small amounts of DAT
and permits accumulation of dopamine in the RRP. This may
contribute to the moderately enhanced evoked dopamine release
observed in the prefrontal cortex of the COMT KO mice.

The role of COMT in dopamine metabolism was studied in
the rat striatum using COMT inhibitors. Tolcapone, a brain pen-
etrating inhibitor, did not change basal dopamine levels, but in-
creased dopamine releasing activity of L-dihydroxy-
phenylalanine, dopamine uptake blockers, and clorgyline (for
review, see Männistö and Kaakkola, 1999). Striatal and prefrontal
areas have not been compared directly, but in a single study tol-
capone enhanced the effects of clozapine and K�-depolarization
on dopamine release in the rat prefrontal cortex (Tunbridge et al.,
2004). This increase appears to be consistent with the finding that
a low COMT activity augmented the effect of olanzapine on
working memory in schizophrenic patients (Bertolino et al.,
2004). The importance of COMT in modulating cortical dopa-
minergic transmission is also highlighted in previous studies of
proline dehydrogenase-deficient mice. These mice, are more sen-
sitive than their wild-type littermates to the additive effect of
amphetamine on dopamine release in the prefrontal cortex, but
not in the striatum (Paterlini et al., 2005). As a result, transcrip-
tional upregulation of COMT in prefrontal cortex is used as a
homeostatic response, to control cortical dopaminergic hyper-
sensitivity and attenuate a number of dopamine-related behav-
ioral deficits. The impact of COMT variation on prefrontal cor-
tical function and activation has been described in humans, in
both normal individuals and in patients suffering from
dopamine-related psychiatric disorders. A significant relation-
ship between Val158/108Met genotype and the executive func-
tion has been seen in healthy individuals, but the importance of
these findings in psychiatric illnesses remains unclear because
genetic association studies have not been conclusive and interac-
tion of multiple gene effects have seldom been taken into account
(Barnett et al., 2007).

In summary, our real-time analysis of evoked dopamine over-
flow showed that, in the absence of COMT, removal of dopamine
is twofold slower in the prefrontal cortex, but not in the caudate
nucleus, indicating that 50% of the dopamine elimination results
from COMT activity. In addition, we showed that COMT KO
mice have a consistent 20 –25% increase in evoked dopamine
release in the prefrontal cortex. Finally, we showed that cocaine

Figure 4. a– d, The effects of cocaine (20 mg/kg) on the peak dopamine overflow in the
prefrontal cortex in dependence on the length (a, b) and frequency (c, d) of stimulation of the
medial forebrain bundle and genotype. a, b, Peak dopamine overflow (mean � SEM; 7 mice
per group in all experiments) in response to increasing lengths (0.2–2 s) of 50 Hz stimulations.
c, d, Peak dopamine overflow in response to increasing frequencies (20 – 60 Hz) of 2 s stimula-
tions. The effects of cocaine on peak dopamine levels did not differ between genotypes (for
statistics, see Results).
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modulated dopaminergic neurotransmission in the prefrontal
cortex similarly in both genotypes by prolonging, three to four
times, dopamine elimination from extracellular space. Paradox-
ically, this occurred without an increase in the peak levels of
evoked dopamine release. Our results show that COMT plays a
key role in regulation of dopamine neurotransmission in the pre-
frontal cortex and provide a quantitative neurochemical founda-
tion for differences in cognitive performance resulting from
Comt gene polymorphism as well as for clinical findings, which
may associate COMT activity with a number of psychiatric
disorders.
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Männistö PT, Ulmanen I, Lundström K, Taskinen J, Tenhunen J, Tilgmann
C, Kaakkola S (1992) Characteristics of catechol O-methyl-transferase
(COMT) and properties of selective COMT inhibitors. Prog Drug Res
39:291–350.

Mata I, Arranz MJ, Staddon S, Lopez-Ilundain JM, Tabares-Seisdedos R,
Murray RM (2006) The high-activity Val allele of the catechol-O-
methyltransferase gene predicts greater cognitive deterioration in patients
with psychosis. Psychiatr Genet 16:213–216.

Matsumoto M, Weickert CS, Akil M, Lipska BK, Hyde TM, Herman MM,
Kleinman JE, Weinberger DR (2003) Catechol O-methyltransferase
mRNA expression in human and rat brain: evidence for a role in cortical
neuronal function. Neuroscience 116:127–137.

McFarland K, Kalivas PW (2001) The circuitry mediating cocaine-induced
reinstatement of drug-seeking behavior. J Neurosci 21:8655– 8663.

Munafo MR, Bowes L, Clark TG, Flint J (2005) Lack of association of the
COMT (Val158/108 Met) gene and schizophrenia: a meta-analysis of
case-control studies. Mol Psychiatry 10:765–770.

Mundorf ML, Joseph JD, Austin CM, Caron MG, Wightman RM (2001)
Catecholamine release and uptake in the mouse prefrontal cortex. J Neu-
rochem 79:130 –142.

Paterlini M, Zakharenko SS, Lai WS, Qin J, Zhang H, Mukai J, Westphal KG,
Olivier B, Sulzer D, Pavlidis P, Siegelbaum SA, Karayiorgou M, Gogos JA
(2005) Transcriptional and behavioral interaction between 22q11.2 or-
thologs modulates schizophrenia-related phenotypes in mice. Nat Neu-
rosci 8:1586 –1594.

Paxinos G, Franklin K (2000) The mouse brain in stereotaxic coordinates,
Ed 2. San Diego: Academic.

Phillips PE, Wightman RM (2003) Critical guidelines for validation of the
selectivity of in-vivo chemical microsensor. Trends Analyt Chem
22:509 –514.

Raux G, Bumsel E, Hecketsweiler B, van Amelsvoort T, Zinkstok J,
Manouvrier-Hanu S, Fantini C, Breviere GM, Di Rosa G, Pustorino G,
Vogels A, Swillen A, Legallic S, Bou J, Opolczynski G, Drouin-Garraud V,
Lemarchand M, Philip N, Gerard-Desplanches A, Carlier M, et al. (2007)
Involvement of hyperprolinemia in cognitive and psychiatric features of
the 22q11 deletion syndrome. Hum Mol Genet 16:83–91.

Rebec GV, Sun W (2005) Neuronal substrates of relapse to cocaine-seeking
behavior: role of prefrontal cortex. J Exp Anal Behav 84:653– 666.

Rivett AJ, Francis A, Roth JA (1983) Distinct cellular localization of
membrane-bound and soluble forms of catechol-O-methyltransferase in
brain. J Neurochem 40:215–219.

Scatton B, Dubois A, Dubocovich ML, Zahniser NR, Fage D (1985) Quan-

Yavich et al. • Role of COMT in Prefrontal Cortex Dopamine Overflow J. Neurosci., September 19, 2007 • 27(38):10196 –10202 • 10201



titative autoradiography of 3H-nomifensine binding sites in rat brain. Life
Sci 36:815– 822.

Schmitz Y, Lee CJ, Schmauss C, Gonon F, Sulzer D (2001) Amphetamine
distorts stimulation-dependent dopamine overflow: effects on D2 auto-
receptors, transporters, and synaptic vesicle stores. J Neurosci
21:5916 –5924.

Sesack SR, Hawrylak VA, Matus C, Guido MA, Levey AI (1998) Dopamine
axon varicosities in the prelimbic division of the rat prefrontal cortex
exhibit sparse immunoreactivity for the dopamine transporter. J Neurosci
18:2697–2708.

Silberstein SD, Shein HM, Berv KR (1972) Catechol-O-methyl transferase
and monoamine oxidase activity in cultured rodent astrocytoma cells.
Brain Res 41:245–248.

Spatz M, Kaneda N, Sumi C, Nagatsu I, Creveling CR, Nagatsu T (1986) The
presence of catechol-O-methyltransferase activity in separately cultured
cerebromicrovascular endothelial and smooth muscle cells. Brain Res
381:363–367.

Stamford JA, Kruk ZL, Millar J (1988) Stimulated limbic and striatal dopa-
mine release measured by fast cyclic voltammetry: anatomical, electro-
chemical, and pharmacological characterisation. Brain Res 454:282–288.

Trendelenburg U (1988) The extraneuronal uptake and metabolism of cat-
echolamines. In: Handbook of experimental pharmacology (Trendelen-
burg U, Weiner N, eds), pp 279 –319. Berlin: Springer.

Tunbridge EM, Bannerman DM, Sharp T, Harrison PJ (2004) Catechol-O-
methyltransferase inhibition improves set-shifting performance and ele-

vates stimulated dopamine release in the rat prefrontal cortex. J Neurosci
24:5331–5335.

Tunbridge EM, Harrison PJ, Weinberger DR (2006) Catechol-O-
methyltransferase, cognition, and psychosis: Val158Met and beyond. Biol
Psychiatry 60:141–151.

Ulmanen I, Peränen J, Tenhunen J, Tilgmann C, Karhunen T, Panula P,
Bernasconi L, Aubry JP, Lundström K (1997) Expression and intracel-
lular localization of catechol O-methyltransferase in transfected mamma-
lian cells. Eur J Biochem 243:452– 459.

Walker QD, Ray R, Kuhn CM (2006) Sex differences in neurochemical ef-
fects of dopaminergic drugs in rat striatum. Neuropsychopharmacology
31:1193–1202.

Weinshilboum RM, Raymond FA (1977) Inheritance of low erythrocyte
catechol-o-methyltransferase activity in man. Am J Hum Genet
29:125–135.

Westerink BH, Spaan SJ (1982) Simultaneous determination of the forma-
tion rate of dopamine and its metabolite 3,4-dihydroxyphenylacetic acid
(DOPAC) in various rat brain areas. Brain Res 252:239 –245.

Wightman RM, Amatore C, Engstrom RC, Hale PD, Kristensen EW, Kuhr
WG, May LJ (1988) Real-time characterization of dopamine overflow
and uptake in the rat striatum. Neuroscience 25:513–523.

Wu Q, Reith ME, Kuhar MJ, Carroll FI, Garris PA (2001) Preferential in-
creases in nucleus accumbens dopamine after systemic cocaine adminis-
tration are caused by unique characteristics of dopamine neurotransmis-
sion. J Neurosci 21:6338 – 6347.

10202 • J. Neurosci., September 19, 2007 • 27(38):10196 –10202 Yavich et al. • Role of COMT in Prefrontal Cortex Dopamine Overflow


