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Dopamine D2 Receptor-Mediated Inhibition of 
Dopaminergic Neurons in Mice Lacking 
D2L Receptors

 

Diego Centonze, M.D., Alessandro Usiello, Ph.D., Paolo Gubellini, Ph.D., Antonio Pisani, M.D., 

 

Emiliana Borrelli, Ph.D., Giorgio Bernardi, M.D., and Paolo Calabresi, M.D.

 

Two isoforms of the dopamine (DA) D2 receptor are 
generated from the same gene by alternative splicing, D2L 
and D2S. To identify which isoform is involved in the 
autoregulation of midbrain DA neuron activity, 
intracellular electrophysiological recordings were performed 
from substantia nigra and ventral tegmental area neurons 
of mice lacking either D2L(D2L

 

�

 

/

 

�

 

) or both D2L and D2S 
receptors (D2

 

�

 

/

 

�

 

). In midbrain DA neurons from wild-
type mice, DA and quinpirole, a DA D2-like receptor 
agonist, produced a significant somatic membrane 
hyperpolarization, which led to a reversible inhibition of 

firing activity. Interestingly, this effect was fully abolished 
in D2

 

�

 

/

 

�

 

 neurons but still present in D2L

 

�

 

/

 

�

 

 DA 
neurons. These data clearly show that D2S receptors are the 
main somatodendritic autoreceptors of central DA neurons. 
Thus, pharmacological compounds able to interfere 
selectively with presynaptic D2S receptors might constitute 
effective therapeutic strategies in neuropsychiatric 
disorders, by causing negligible side-effects.

 

[Neuropsychopharmacology 27:723–726, 2002]
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Most parts of the central nervous system contain
dopamine (DA), a monoamine neurotransmitter re-
leased by axon terminals of midbrain neurons of the
substantia nigra (SN) and ventral tegmental area
(VTA). Since the discovery that DA exerts its physiolog-

ical action by binding to multiple receptors (Kebabian
and Calne 1979), five distinct G-protein–coupled DA re-
ceptors have been identified. The D1 and D5 receptors
form the D1-like subfamily, while D2, D3 and D4 recep-
tors constitute the D2-like subfamily. Receptors of the
D1-like subtype are positive regulators of cyclic adenos-
ine monophosphate (AMP) levels, while the inhibition
of cyclic AMP synthesis is a general property of D2-like
receptors (Stoof and Kebabian 1981). Although the ana-
tomical distributions of DA receptors tend to overlap in
the brain, their quantitative ratios differ significantly in
several anatomical areas, supporting the concept that
specific subtypes of DA receptors serve specific physio-
logical roles. A crucial role of the D2-like receptors is
the regulation of DA release by acting as autoreceptors
on the somatodendritic region of midbrain DAergic
neurons. In rodents, in fact, administration of low doses
of the D2-like selective agonist quinpirole induces sup-
pression of motor activity, a pharmacological effect
generally ascribed to the reduction of DA release in the
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striatum (Starke et al. 1989; Usiello et al. 2000). Al-
though midbrain DA neurons express functional D2
and D3 receptors (Tepper et al. 1997; Diaz et al. 2000),
physiological studies have emphasized the involve-
ment of D2 receptors as somatodendritic, impulse-regu-
lating autoreceptors on DA neurons. Indeed, DA neu-
rons from mice lacking D2 receptors but still expressing
D3 receptors are insensitive to DA and quinpirole in
electrophysiological recordings in vitro (Mercuri et al.
1997), whereas DA neurons in mice lacking D3 recep-
tors exhibit normal sensitivity to quinpirole (Koeltzow
et al. 1998).

Interestingly, two isoforms of the D2 receptor are
generated from the same gene by alternative splicing,
D2L and D2S. D2L and D2S receptors display differen-
tial affinities for inhibitory G-proteins (Guiramand et al.
1995), suggesting that their transduction pathways and
physiological roles might not be equivalent. This hy-
pothesis was also supported by evidence that the ex-
pression ratio of D2L versus D2S receptors is region
specific throughout the brain (Montmayeur et al. 1991).
More recently, genetic disruption of D2L receptors
(Usiello et al. 2000) has confirmed these hypotheses. In-
deed, in D2L lacking mice some D2L-receptor–medi-
ated behavioral deficits are not compensated by the
concomitant D2S receptor overexpression (Usiello et al.
2000; Wang et al. 2000).

The unavailability of pharmacological agents able to
discriminate between D2L and D2S receptors makes es-
sential the use of mutant mice to address the role of the
two isoforms of D2 receptors in terms of single neuron

physiology. In the present study, we used mice in
which the expression of D2L receptors was selectively
ablated (D2L

 

�

 

/

 

�

 

) to investigate the involvement of
this isoform of the D2 receptor in the autoregulation of
midbrain DA neurons. To this end, in vitro electrophys-
iological recordings were performed from the somatic
region of SN and VTA neurons of these mutants. The
effects of DA and quinpirole in D2L

 

�

 

/

 

�

 

 were com-
pared with those elicited in wild-type (WT) mice as
well as in mice lacking both the D2L and D2S receptors
(D2

 

�

 

/

 

�

 

). The generation of the D2

 

�

 

/

 

�

 

 and D2L

 

�

 

/

 

�

 

mice used in this study has been reported previously
(Baik et al. 1995; Usiello et al. 2000).

Conventional intracellular sharp microelectrode re-
cordings were performed in horizontal midbrain slices
(200–300 

 

�

 

m thickness), as previously described for both
rat and mouse preparations (Mercuri et al. 1995, 1997).
The recording electrodes were filled with 2 M KCl and
had a tip resistance of 30–60 M

 

�

 

. Under these experimen-
tal conditions, the intrinsic membrane properties of SN
and VTA DA neurons did not significantly differ in WT,
D2L

 

�

 

/

 

�

 

 and D2

 

�

 

/

 

�

 

 mice, and closely resembled those
reported previously for mouse DA neurons recorded in
vitro (Grace and Onn 1989; Lacey et al. 1989; Mercuri et
al. 1997). DA neurons of WT mice fired action potentials
spontaneously at a rate of 2.2 

 

�

 

 0.3 Hz (n 

 

�

 

 15), while in
D2L

 

�

 

/

 

�

 

 (n 

 

�

 

 16) and in D2

 

�

 

/

 

�

 

 (n 

 

�

 

 16) DA neurons
the mean frequency of spontaneous firing activity was
2.7 

 

�

 

 0.4 Hz (

 

p

 

 

 

�

 

 .05) and 2.1 

 

�

 

 0.2 Hz (

 

p

 

 

 

�

 

 .05), respec-
tively. The mean peak input resistance, measured within
200 ms of a hyperpolarizing pulse, was 167 

 

�

 

 15 M

 

�

 

 in

Figure 1. Effects of the DA
D2 receptor agonist quin-
pirole on midbrain DA neu-
rons of WT, D2L�/� and
D2�/� mice. The graph
shows that quinpirole induces
a dose-dependent membrane
hyperpolarization both in WT
and D2L�/� DA neurons,
while it is ineffective in DA
cells of D2�/� mice. Each
data point was obtained from
at least four different experi-
ments. The electrophysiologi-
cal traces show that the
application of 1 �M quinpirole
for 3 min induces a reversible
hyperpolarization and inhib-
its spontaneous firing in both
WT and D2L�/� but not in
D2�/� neurons. Traces are
from single intracellular elec-
trophysiological experiments.
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WT DA neurons, 168 

 

�

 

 16 M

 

�

 

 in D2L

 

�

 

/

 

�

 

 (

 

p

 

 

 

�

 

 .05) and
166 

 

�

 

 14 M

 

�

 

 in D2

 

�

 

/

 

�

 

 DA neurons (

 

p

 

 

 

�

 

 .05).
As previously reported (Mercuri et al. 1997), applica-

tion of 30 

 

�

 

M DA (3–5 min; n 

 

�

 

 4; not shown) or of 0.1–30

 

�

 

M quinpirole (3–5 min; n 

 

�

 

 10) caused in DA neurons of
WT mice a dose-dependent membrane hyperpolariza-
tion, which led to a reversible inhibition of firing activity.
This effect was likely mediated by the stimulation of so-
matodendritic D2S receptors, as it was fully abolished in
D2

 

�

 

/

 

�

 

 DA neurons (n 

 

�

 

 3 for DA and n 

 

�

 

 9 for quin-
pirole), and was unaltered in D2L

 

�

 

/

 

�

 

 DA neurons (n 

 

�

 

6 for DA and n 

 

�

 

 12 for quinpirole) (Figure 1). The in-
volvement of D2 receptors, in the DA- and quinpirole-
effects evoked in D2L

 

�

 

/

 

�

 

 neurons, was also confirmed
by the ability of the D2-like receptor antagonist L-sulpir-
ide (3–10 

 

�

 

M) to fully prevent the action of both 30 

 

�

 

M
DA (n 

 

�

 

 7; 

 

p

 

 

 

�

 

 .05) and 1 

 

�

 

M quinpirole (n 

 

�

 

 6; 

 

p

 

 

 

�

 

 .05)
on these mutant mice (not shown).

The identification of the precise autoreceptor sub-
type involved in the regulation of the physiological ac-
tivity of midbrain DA neurons is a crucial issue, mainly
because changes in regulatory mechanisms of DA re-
lease may be involved in neuropsychiatric disorders in
which DA neuronal systems have been implicated
(Jaber et al. 1996). Since the early 1970s, in fact, it has
been well known that DA D2-like receptors exert this
autoregulatory function, and both antipsychotic and
antiparkinsonian drugs exert their therapeutic action by
binding to this class of receptors (Carlsson 2001). The
clinical use of both antipsychotic and antiparkinsonian
agents, however, is associated with the development of
a series of motor and cognitive complications, which
depend, at least in part, on the non-selective nature of
their action, with concomitant modulation of both pre-
and postsynaptic DA D2-like receptors. In this light, it
is conceivable that pharmacological compounds able to
interfere selectively with presynaptic DA receptors
might constitute effective therapeutic strategies in these
disorders, associated with less important side-effects.

In the present study, we confirmed that DA D2 re-
ceptors are the somatodendritic autoreceptors of both
SN and VTA DA neurons (Mercuri et al. 1997) and pro-
vided direct evidence that D2L receptors do not play a
major role in this presynaptic action, thereby implying
D2S receptors as the main impulse-regulating DA au-
toreceptors. The development of selective D2S receptor
antagonists and/or the generation of selective D2S re-
ceptor lacking mice, however, are critically important
to further strengthen this conclusion.
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