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An intact mesocortical dopaminergic (DA) input to the prefrontal
cortex (PFC) has been reported to be necessary for long-term
potentiation (LTP) to occur at hippocampal–prefrontal cortex
synapses. Here, we investigated the role of D1 and D2 recep-
tors in this NMDA receptor-dependent LTP. Local infusion of the
D1 agonist SKF81297 at an optimal dose induced a sustained
enhancement of hippocampal–PFC LTP, whereas the D1 antag-
onist SCH23390 caused a dose-related impairment of its in-
duction. The D1 agonist effect was mimicked by infusion of a
low dose of the adenylyl cyclase activator forskolin, whereas
LTP was severely attenuated with a protein kinase A inhibitor,
Rp-cAMPS. To further assess the complex interplay between

DA and NMDA receptors, changes in extracellular DA levels in
the PFC were estimated during LTP, and a significant increase
was observed immediately after tetanus. Taken together, these
data suggest that D1 but not D2 receptors are crucial for the DA
control of the NMDA receptor-mediated synaptic response on a
specific excitatory input to the PFC. The interactions of these
receptors may play a crucial role in the storage and transfer of
hippocampal information in the PFC.
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A critical stage of dopamine (DA) and D1 receptor stimulation
appears to be necessary for a proper performance in prefrontal
cortex-related cognitive tasks like working memory and atten-
tional functions (Williams and Goldman-Rakic, 1995; Granon et
al., 2000). In the rat, D1 receptors (mRNA expression) are mostly
localized in deep layers V-VI of the prefrontal cortex (PFC),
whereas D2 receptors are distributed in superficial and deep
layers with lower expression (Gaspar et al., 1995). Neurons lo-
cated in deep layers and possessing D1 and D2 receptors are
output neurons, thus suggesting how DA could affect cortical and
subcortical transmission (Gaspar et al., 1995; Lu et al., 1997).

A number of electrophysiological data have pointed out the
complex action (excitatory or inhibitory) of DA in pyramidal PFC
neurons but have also outlined that the action of DA is dependent
on the synaptic strength driven by excitatory inputs on PFC
neurons (for review, see Yang et al., 1999). DA terminals in the
PFC are in close proximity to glutamatergic afferents rising from
the hippocampal formation (Carr and Sesack, 1996). In vivo,
synapses of the hippocampal–PFC fiber pathway can be regulated
up and down, expressing potentiation, depression, or depotentia-
tion of synaptic efficacy, and highly specific patterns of afferent
activation are responsible for these different forms of plasticity
(Jay et al., 1995; Burette et al., 1997; Takita et al., 1999). Further-
more, these glutamatergic afferents to the PFC are undoubtedly
implicated at least in short-term memory processes (Floresco et
al., 1997; Jung et al., 1998).

We recently reported that an intact mesocortical DA input to
the PFC is necessary for hippocampal–PFC long-term potentia-
tion (LTP) to occur (Gurden et al., 1999). Whereas stimulation of
the ventral tegmental area (VTA) at a frequency known to evoke
DA overflow in the PFC produces a long-lasting enhancement of
the magnitude of hippocampal–PFC LTP, a depletion of .50%
of cortical DA levels induced a dramatic decrease in this LTP. To
obtain further insights into the complex action of DA in this
circuit, we examine whether potentiation of the hippocampal–
PFC pathway increases extracellular DA levels in the PFC in vivo
and whether both D1 and D2-like receptors could modulate
hippocampal–PFC synaptic plasticity. Additionally, as protein
kinase A (PKA) plays a key role in the induction of hippocampal–
PFC LTP (Jay et al., 1998), we explore further whether the
cAMP–PKA pathway plays a role in the modulatory action of DA
on cortical synaptic plasticity. Our findings provide strong support
for an important role of D1 receptors in modulating hippocam-
pal–PFC plasticity and suggest that DA through D1 receptors
could affect the storage of hippocampal information in the PFC or
the transfer of such information to output regions of the PFC.
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MATERIALS AND METHODS
Electrophysiology. Male Sprague Dawley rats (280–380 gm) were anes-
thetized with sodium pentobarbital (60 mg/kg, i.p.) and placed in a
stereotaxic frame with body temperature maintained at 37°C. The pro-
cedures were performed in strict accordance with French Agriculture and
Forestry Ministry (decree 874848, license A91429) prerogatives. A con-
centric bipolar stimulating electrode was placed in the CA1/subicular
region of the ventral hippocampus (6.3–6.8 posterior to bregma; 5.5
lateral; 4.0–5.8 mm below pial surface). Recording electrodes (64 mm
diameter, two nickel–chrome wires) fixed to a microdialysis probe
(shorter electrode, same level as the tip of the probe; longer electrode,
200 mm deeper; Fig. 1) were slowly lowered into the prelimbic area of the
PFC (3.0–3.3 mm anterior to bregma; 0.7–1.0 mm lateral; 2.8–3.4 mm
below pial surface). The microdialysis probes (CMA/12; membrane
length, 2 mm; diameter, 0.5 mm; cutoff, 20 kDa; CMA, Stockholm,
Sweden) were connected via a polyethylene tubing (FEP) to a microin-
fusion pump (CMA100) equipped with a liquid switch (CMA110).
Electrophysiological recordings were carried under perfusion of artificial
CSF (ACSF; composition in mM: 145 NaCl, 2.7 KCl, 1 MgCl2, 1.2
CaCl2, 0.1 ascorbic acid, and 10 glucose, pH 7.4) and drugs. This
procedure allowed recordings in intact cortical tissue and a simultaneous
control of infusion of drugs.

Stimulation of the CA1/subicular region evokes a characteristic mono-
synaptic negativegoing field potential in the PFC with a peak latency of
18–21 msec. Once a correct signal was detected, we waited for 2 hr
perfusing the probe with ACSF to obtain a stable signal. Test pulses
(80–120 msec) were delivered every 30 sec at an intensity that evokes a
70% maximal response (200–400 mA). High-frequency stimulation con-
sisted of one or two series (6 min apart) of 10 trains (250 Hz, 200 msec)
at 0.1 Hz, delivered at test intensity.

Data were analyzed using A/Dvance software (Mckellar Design).
Postsynaptic potential amplitudes were expressed as a percentage change
of the baseline and analyzed by ANOVA. Correct placement of the
electrodes was confirmed by histology.

Drug delivery. Reverse microdialysis was used to apply DA drugs and
forskolin in the PFC. In control animals, ACSF was continuously infused
at a flow rate of 2 ml /min. In pharmacological groups, after a stable
baseline (40 min), ACSF was replaced for 30 min (20 min before and 10
min after the first tetanus) by ACSF-containing drugs.

Microinjection through a cannula (80 mm diameter) was used to apply
locally the PKA inhibitor Rp-cAMPS. As for microdialysis experiments,
two electrodes fixed to a cannula connected via a polyethylene tubing to
a microinfusion pump (CMA100) allowed both electrophysiological re-
cordings and drug infusion. Once a stable signal was obtained, baseline
was recorded and ACSF or Rp-cAMPS delivered for 30 min (20 min
before and 10 min after the first tetanus) at a flow rate of 0.013 ml /min.

Drugs. The following drugs were stored as concentrated stock solutions
and, before infusion, dissolved in ACSF (containing ascorbic acid) to
achieve the experimental concentrations: (1)-SKF81297 (0.1–5 mM;
Research Biochemicals, Natick, MA), R-(1)-SCH23390 (2–10 mM; Toc-
ris), S-(2)-sulpiride (5–10 mM, Tocris), forskolin (25 mM; Tocris), and
Rp-cAMPS (300 mM; Sigma). The effective extracellular concentrations
of drugs, extrapolated from the relative recovery for DA drugs through
the microdialysis probe, were estimated to be 10-fold less than the
concentrations within the probe.

On-line HPLC analysis of DA level in the PFC. Overall conditions for

recording and microdialysis procedures were the same as described
above. The implanted microdialysis probe (7–9% recovery of DA in vitro)
was continuously perfused with ACSF (2 ml /min), and dialysates were
analyzed for DA concentration by HPLC (EP-300; Eicom, Japan) with
an electrochemical detector (ECD-300). Samples were injected every 10
min directly and automatically into the HPLC system with a polymeric
reverse-phase C18 column (Eicompak CA-50DS; 4.6 3 150 mm) and a
graft electrode (WE-3G) set at 450 mV (vs Ag/AgCl reference elec-
trode). The mobile phase contained 0.1 M phosphate, 55 mg/ l sodium
1-octanesulfonate, 50 mg/ l EDTA, and 18% v/v methanol, pH 6.0. A
stable dialysate DA concentration was usually obtained after a minimum
of 2 hr post-implantation of the probe. For data analysis, basal DA
concentration was estimated from an average of three HPLC time points
before tetanization. Electrophysiological hippocampal–PFC response
was obtained during these HPLC periods.

RESULTS

Experiment 1: effects of intra-PFC infusions of DA
drugs on hippocampal–PFC LTP
Enhancement of hippocampal–PFC LTP by D1
receptor activation
We first studied the effects of the D1 agonist SKF81297 infused
for 30 min (20 min before tetanus, one series of high-frequency
stimulation) in the PFC on hippocampal–PFC LTP (Fig. 2A).
During the first 30 min after tetanus (lef t columns), LTP was
significantly larger in the presence of SKF81297 at 0.1 mM (51.1 6
3.7% increase compared with baseline, n 5 6, p , 0.05) and 1 mM

(70.4 6 10.1%, n 5 8, p , 0.01) when compared with ACSF
controls (37.3 6 4.1%, n 5 7). Ninety minutes later, the enhance-
ment of LTP was still present in rats infused with 1 mM SKF81297
(right columns and plotted graph; 59.0 6 7.7%, n 5 8, p , 0.01)
when compared with ACSF controls (22.8 6 4.9%, n 5 7). No
effect on baseline responses was observed for all these doses. LTP
in the presence of a high concentration of SKF81297 (5 mM)
showed normal induction and maintenance when compared with
ACSF controls (Fig. 2A, lef t columns; 37.3 6 4.1%, n 5 8, p .
0.05; right columns, 28.7 6 6.1%, n 5 8, p . 0.05). However, this
concentration of D1 agonist slightly increased baseline values
(8.0 6 3.70%, p , 0.05, data not shown) when compared with
ACSF controls (0.4 6 2.3%). These data demonstrate a clear
facilitating effect of D1 agonist on LTP induction; they are con-
sistent with our earlier findings showing a sustained increase in
LTP amplitude when DA was infused before tetanus (Jay et al.,
1996).

Impairment of hippocampal–PFC LTP by D1
receptor blockade
To confirm that D1 receptors activation affects hippocampal–
PFC LTP, we tested whether the D1 receptor antagonist
SCH23390 had an effect on the induction of LTP. When
SCH23390 was injected in the PFC in a similar way, we observed
a dose-dependent decrease in the amplitude of hippocampal–
PFC LTP (Fig. 2B). In these experiments, a stronger protocol
(two series) was applied in the hippocampus to induce a stable
cortical LTP at least over 2 hr. During the first 30 min after
tetanus (lef t columns), LTP amplitude was significantly lower at 2
mM (44.2 6 4.8%, n 5 7, p , 0.05), 5 mM (31.5 6 5.3%, n 5 8, p ,
0.001), and 10 mM (9.2 6 4.7%, n 5 8, p , 0.001) when compared
with ACSF controls (61.1 6 5.2%, n 5 10). D1 receptor blockade
persistently affected LTP during the subsequent recording time,
and LTP was still impaired with 5 mM (26.6 6 3.6%, n 5 8, p ,
0.01) and 10 mM (12.6 6 6.9%, n 5 8, p , 0.001; right columns and
plotted graph) 2 hr after tetanus when compared with ACSF
controls (50.0 6 4.6%, n 5 10). However, no further change was
observed with the lowest dose, 2 mM (Fig. 2B, right columns;
49.1 6 7.5, n 5 7, p . 0.05). No effect on baseline responses was
observed for any of these doses.

Figure 1. Schematic diagram representing the location of the microdi-
alysis probe with external recording electrodes in the prelimbic area (PL)
and the stimulating electrode in the ventral hippocampus. Black spots
represent overlapping placements of stimulating sites. Sb, Subiculum.
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Hippocampal–PFC LTP is not affected by blockade of
D2 receptor
Using a similar protocol as for SCH23390, we then examined
whether the D2 antagonist sulpiride could affect hippocampal–
PFC LTP. Figure 2C shows that sulpiride had no effect on either
the induction (lef t columns, 5 mM: 52.6 6 4.4%, n 5 6, p . 0.05;
10 mM: 53.1 6 10.3%, n 5 8, p . 0.05) or the maintenance of LTP
(right columns and plotted graph, 5 mM: 41.7 6 6.4%, n 5 6, p .
0.05; 10 mM: 49.5 6 11.2%, n 5 8, p . 0.05) when compared with
ACSF controls.

Experiment 2: changes in endogenous DA in the PFC
during hippocampal–PFC LTP
The reduction in hippocampal–PFC LTP by a D1 antagonist
suggested that DA may be released during tetanus and therefore
enhanced LTP. As shown in Figure 3, perfusion of ACSF in the
PFC through microdialysis probes combined with recording of
postsynaptic potential allowed us to measure the dialysate con-
centration of cortical DA (every 10 min) before and after tetanic
stimulation of the hippocampus, by using on-line HPLC. Tetanic
stimulation (two series) was applied only when the level of DA in
the PFC was stable for at least 30 min. The mean basal level of
DA was 80.2 6 19.9 fmol/10 min and a significant increase in
cortical DA level compared with baseline was observed immedi-
ately after tetanus and for 20 min after the first tetanus (respec-
tively, 126.7 6 19.3%, p , 0.05, and 113.3 6 9.5, p , 0.05, n 5 7).

Figure 3. Evoked changes in DA content in the PFC by hippocampal
tetanic stimulation. Top graph, Changes in the amplitude of cortical
postsynaptic potential showing hippocampal–PFC LTP in rats continu-
ously perfused with ACSF (n 5 7). Each point represents mean 6 SEM
of averaged responses to four test stimuli given at 30 sec intervals. Values
are expressed as percentage of change relative to baseline (30 min).
Tetanic stimulation is indicated by arrowheads. Bottom histogram, DA
level in the PFC before and after hippocampal tetanic stimulation. Data
are shown as percentages of control values measured during baseline
(mean 6 SEM). LTP increases DA level to 130 and 120% ( p , 0.05) of
baseline during the first 20 min after tetanus.

Figure 2. Dose-dependent effects of D1 but not D2 recep-
tor drugs on hippocampal–PFC LTP. Left graphs, Columns
represent mean 6 SEM of the normalized hippocampal–
PFC postsynaptic response amplitude during two stages
(lef t columns, 0–30 min; right columns, 90–120 min) after
tetanus. The first column on each graph represents ACSF
controls, and the other columns represent the experimental
groups. Right graphs, Changes in normalized hippocampal–
PFC postsynaptic response amplitude are plotted over time
for the most effective dose in each experimental group.
Each point represents mean 6 SEM of averaged responses
to four test stimuli given at 30 sec intervals. Values are
expressed as percentage of change relative to baseline (40
min). Tetanic stimulation (one or two series) is indicated by
arrowheads. A, D1 agonist SKF81297 increases the ampli-
tude of cortical LTP. Infusion at 0.1 (n 5 6) and 1 mM (n 5
8) but not at 5 mM (n 5 6) evokes a significant enhancement
of cortical potentiation during the first 30 min (lef t columns)
when compared with ACSF controls (n 5 7). Infusion of
SKF81297 at 1 mM induces a persistent facilitation of cor-
tical LTP (right column and plotted graph). B, D1 antagonist
SCH23390 impairs hippocampal–PFC LTP. Infusion at 2
(n 5 7), 5 (n 5 8), and 10 mM (n 5 8) produces a significant
dose-dependent decrease of cortical potentiation in the first
30 min (lef t columns) when compared with ACSF controls
(n 5 10). A sustained decrease in LTP amplitude is ob-
served with the highest doses of antagonist (5 and 10 mM;
right column and plotted graph). C, D2 antagonist sulpiride
does not affect hippocampal–PFC LTP. No significant ef-
fect is observed at 5 (n 5 6) or 10 mM (n 5 8). Represen-
tative averaged waveforms (four) on each graph were taken
30 min after induction of LTP: ACSF controls (shaded),
most effective dose in the experimental group (dark). Cal-
ibration: 0.2 mV, 10 msec. Levels of significance, drug
versus control: *p , 0.05, **p , 0.01, ***p , 0.001.
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Experiment 3: role of cAMP and PKA in
hippocampal–PFC LTP
In view of the preceding results, DA could act through the D1
receptor cascade, involving activation of a G-protein, adenylyl
cyclase (AC), a postsynaptic increase in cAMP levels, and a
consequent enhanced activation of PKA. Indeed, a rapid,
NMDA-dependent activation of cytosolic PKA was found within
minutes after induction of LTP in the hippocampal–PFC pathway
in vivo (Jay et al., 1998), thus suggesting an involvement of the
cAMP-PKA signal transduction cascade in the early phases of
cortical LTP. To test whether activation of the AC-cAMP-PKA
cascade mimicked the SKF81297 effects, we applied an activator
of AC, forskolin, in the PFC through the microdialysis probe. As
with DA drugs, forskolin was infused during 30 min (20 min
before tetanus, one series of high-frequency stimulation). Figure
4A shows that forskolin (25 mM) increased significantly early LTP
(lef t columns, 51.9 6 5.0%, n 5 7, p , 0.05) but not late LTP (right
columns, 34.6 6 5.9%, n 5 7, p . 0.05) when compared with
ACSF controls (same as for SKF81297 group). No effect was
observed on baseline.

Knowing the involvement of AC in cortical LTP, we examine
whether blocking PKA by Rp-cAMPS would affect hippocam-
pal–PFC LTP. Rp-cAMPS (300 mM) injected locally in the PFC
before tetanus (30 min duration, 20 min before tetanus; two series
of high-frequency stimulation), severely attenuated LTP (12.7 6
11.7%, n 5 7, p , 0.001) during the first 30 min after tetanus (Fig.
4B, lef t columns) when compared with ACSF controls (67.2 6
10.3%, n 5 7). The reduction in amplitude persisted throughout
the recording time and was still significant 2 hr after tetanus (Fig.
4B, right columns, 25.3 6 9.6%, n 5 7, p , 0.01) when compared
with ACSF controls (59.7 6 5.8%, n 5 7). No significant effect on
baseline was detected.

DISCUSSION
The data presented here demonstrate for the first time the im-
portance of D1 receptor as a mediator contributing to the occur-
rence of an NMDA receptor-dependent LTP at hippocampal–
PFC synapses in vivo, suggesting that DA is a crucial executive

neurotransmitter in the PFC. First, D1 but not D2 receptor
blockade prevented the full development of cortical LTP; second,
stimulation of D1 receptors produced a sustained enhancement
of LTP. These findings are consistent with and extend those of
previous studies in which local exogenous DA infusion in the PFC
or increase in endogenous cortical DA caused by a transient
stimulation of the VTA produced a long-lasting enhancement in
the magnitude of hippocampal–PFC LTP (Jay et al., 1996; Gur-
den at al., 1999).

D1 receptors appear to be crucial for a role of DA in this
cortical LTP. In SKF81297-infused animals, the enhancement of
LTP is strong and persistent at 1 mM. However, when injected at
5 mM, this D1 agonist does not further increase LTP amplitude
compared with controls, suggesting that overstimulation of D1
receptors disrupts the facilitatory effects of DA on synaptic plas-
ticity in the PFC. These results are in favor of a stepwise control
of LTP according to the amount of D1 receptor stimulation and
suggest an optimal D1 receptor activation for proper hippocam-
pal–PFC LTP expression. It is interesting to note that similar
findings have been shown in the monkey for the modulation of
delay-period activity in PFC neurons (Williams and Goldman-
Rakic, 1995). Conversely, for the D1 antagonist, a concentration-
dependent inhibition occurred at the early stages of cortical LTP,
and a threshold concentration (5 mM) to get long-lasting impair-
ment (at least for 2 hr) was observed. These results indicate that
not only early but also later stages of hippocampal–PFC LTP are
strongly dependent on D1 receptor activation.

The modulatory effects of DA in the hippocampus have been
associated with the late long-lasting, protein synthesis-dependent
phase of LTP at the Schaffer collateral–CA1 synapses (Frey et al.,
1990; Huang and Kandel, 1995), although controversial results
have shown that D1 receptors are essential for the early phase
(Otmakhova and Lisman, 1996). Interestingly, a recent in vivo
study (Swanson-Park et al., 1999) reported differential effect of
DA on two NMDA-dependent LTPs within the hippocampus: D1
receptors were shown to be involved in the maintenance of CA1
LTP, whereas these receptors did not modulate dentate gyrus
LTP. If we compare these results to our present data, the major
difference between CA1 and hippocampal–PFC in vivo LTPs
appears to be the short onset of the D1 antagonist effects. The
spatial distribution of DA fibers and D1 receptors as shown in the
monkey (Smiley et al., 1994) but not in the rat should help in
understanding these different DA effects in hippocampal and
cortical LTPs. To our knowledge, only one study on CA1 slices
using [14C]DA has shown that tetanization produces a signifi-
cantly enhanced release of DA (Frey et al., 1990). In the present
study, we have also measured a significant increase in DA release
in the PFC during tetanic stimulation of the ventral hippocampus,
which suggests a direct role of DA in the induction of cortical
LTP. One possible explanation could be that tetanized prefrontal
neurons more strongly activate the VTA cells that they project to,
increasing DA release in the PFC. However, the close proximity
of hippocampal and DA terminals in the PFC targeting the same
dendrites in deep layers of the prelimbic area (Carr and Sesack,
1996) are in favor of a local interplay. Given the fact that the
increase in DA levels in the PFC occurs mainly during tetaniza-
tion that activates NMDA receptors (Jay et al., 1995), the puta-
tive existence of heterosynaptic NMDA receptors on DA presyn-
aptic terminals is suggested, and the following hypothetical model
of DA–glutamate interactions is proposed: during high-frequency
stimulation delivered to excitatory synapses, NMDA receptors
are activated both on postsynaptic pyramidal neurons and meso-
prefrontal terminals in the PFC, and as a consequence extracel-
lular DA is increased. Hence, DA acting through postsynaptic D1
receptors modulates powerfully NMDA receptor activation,
which triggers LTP. This hypothesis is supported by previous
studies showing (1) an NMDA-dependent DA release (Feenstra
et al., 1995), (2) an enhancement of NMDA-mediated currents by

Figure 4. Modulation of hippocampal–PFC LTP amplitude by drugs
directly affecting the AC–cAMP–PKA pathway. The representation is
similar to lef t graphs in Figure 2. A, The AC activator forskolin (25 mM,
n 5 7) enhances the amplitude of LTP during 30 min after tetanus ( p ,
0.05, lef t columns), whereas no significant effect is observed at a later time
(right columns). B, The PKA inhibitor Rp-cAMPS (300 mM, n 5 7)
decreases dramatically cortical LTP amplitude during at least 2 hr after
tetanus.
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DA on pyramidal cells (Cepeda et al., 1992), and (3) an impair-
ment of NMDA-dependent LTP in rats with decreased DA levels
(Gurden et al., 1999), and these NMDA–DA interactions have
also been reported in the striatum (Cepeda and Levine, 1998;
Centonze et al., 1999). In addition, ultrastructural studies looking
at synaptic localization of NMDA receptors in the cerebral cortex
have already shown the existence of both homosynaptic receptors
on asymmetrical synapses and heterosynaptic receptors on sym-
metrical synapses (Petralia et al., 1994; DeBiasi et al., 1996) but
until now, a study dealing with the synaptic localization of both
DA and glutamatergic receptors in the PFC is lacking.

D1 receptors stimulate AC and provoke an elevation of intra-
cellular cAMP levels, which in turn activates PKA. Here, we
report a transient facilitation of hippocampal–PFC potentiation
by the AC activator forskolin, indicating that AC is implicated in
the early stages of cortical LTP. These results are comparable
with the transient facilitation of LTP observed with a slight
activation of D1 receptors (SKF81297, 0.1 mM). In addition,
blocking the downstream PKA cascade by Rp-cAMPS injection
in the PFC resulted in a dramatic impairment of cortical LTP,
comparable with the strong decrease observed with the D1 an-
tagonist. This latter observation together with our previous re-
port showing a rapid NMDA-dependent increase in PKA activity
during induction of hippocampal–PFC LTP (Jay et al., 1998)
strongly suggest that AC-cAMP-PKA pathway plays a key role in
the early stages of cortical LTP. PKA is known to upregulate
NMDA receptor activation by phosphorylation (Blank et al.,
1997), therefore through activation of PKA, D1 receptors stim-
ulation could control the excitatory synaptic strength in the PFC.
Additional studies using a wider dose range of drugs affecting the
AC–cAMP–PKA pathway applied with DA drugs are needed to
assess this hypothesis.

Behavioral and physiological studies suggested that normal
cognitive performance occurs within an optimal range of DA
levels and D1 receptor activation in the PFC (Williams and
Goldman-Rakic, 1995; Zahrt et al., 1997). Here we brought
evidence at the synaptic level of a gating function of D1 receptors
on a specific excitatory input to the PFC arising from the hip-
pocampus. Assuming that LTP is a candidate for cellular infor-
mation storage, the present results can be correlated with the D1
receptor-dependent control of hippocampal information process-
ing in the PFC previously demonstrated in rats by an impairment
in a spatial delayed task in which ventral hippocampal inactivation
was combined with PFC infusion of SCH23390 (Seamans et al.,
1998). The hippocampal–PFC pathway is also involved in non-
spatial events and novelty detection (Knight and Nakada, 1998;
Izaki et al., 2000). Therefore, to clarify hippocampal information
sent to the PFC, it would be essential to identify at the same time,
cortical DA activity patterns in such behavioral paradigms.
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