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It has been shown that long-term potentiation (LTP) develops in the connection between the mediodorsal thalamus
(MD) and the medial prefrontal cortex (mPFC) and between the hippocampus (HPC) and the mPFC following fear
extinction, and correlates with extinction retention. However, recent lesion studies have shown that combined lesions
of the MD and mPFC do not interfere with extinction learning and retention, while inactivation of the dorsal HPC
disrupts fear extinction memory. Here we found in rats that immediate post-training HPC low-frequency stimulation
(LFS) suppressed extinction-related LTP in the HPC-mPFC pathway and induced difficulties in extinction recall. HPC
tetanus, applied several hours later, failed to re-establish mPFC LTP but facilitated recall of extinction. Delayed
post-training HPC LFS also provoked mPFC depotentiation and difficulties with extinction recall. HPC tetanus
abolished these two effects. We also found that damage to the mPFC induced fear return only in rats that received
HPC LFS following extinction training. HPC tetanus also reversed this behavioral effect of HPC LFS in lesioned rats.
These data suggest that the HPC interacts with the mPFC during fear extinction, but can modulate fear extinction

independently of this interaction.

Mouse studies have shown that fear extinction is associated with
long-term potentiation (LTP)-like changes in the projection from
the mediodorsal thalamus (MD) to the medial prefrontal cortex
(mPFC) (Herry et al. 1999; Herry and Garcia 2002). Follow-up
tests revealed that these mPFC LTP-like changes develop only in
mice that easily recall their fear extinction (Herry and Garcia
2002). In addition, difficulties in recall of fear extinction have
also been reported in pharmacological studies in which rats were
infused with drugs, such as a protein synthesis blocker (Santini et
al. 2004) and an inhibitor of mitogen-activated protein kinases
(Hugues et al. 2004), which are known to impair LTP-related
mechanisms. These findings, together with lesion studies show-
ing that rats without the mPFC have difficulties recalling fear
extinction acquired the previous day (Quirk et al. 2000; Lebron et
al. 2004), also support the involvement of mPFC LTP in long-
term fear extinction. However, more recent studies have shown
that pre-conditioning or post-extinction lesions of the mPFC,
even combined with damage to the MD, do not impair memory
of fear extinction (Garcia et al. 2006), suggesting that the mPFC
is not necessary for extinction of conditioned fear in all experi-
mental conditions.

Another study from our group has revealed that extinction
of conditioned fear is also associated with LTP-like changes in the
projection from the ventral hippocampus (HPC) to the mPFC (S.
Hugues, A. Chessel, I. Léna, R. Marsault, and R. Garcia, in prep.).
As both the dorsal and ventral HPC are involved in fear extinc-
tion (Cannich et al. 2004) and inactivation of the dorsal HPC
interferes with fear extinction (Corcoran et al. 2005), we hypoth-
esized that the HPC may interact with the mPFC in relation to
fear extinction, but can modulate fear extinction independently
of this interaction.
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To address this, we first examined whether LTP-like changes
also develop in the dorsal HPC-mPFC pathway following fear
extinction in rats, as found for the ventral HPC-mPFC pathway
(S. Hugues, A. Chessel, 1. Léna, R. Marsault, and R. Garcia, in
prep.). We then determined whether HPC LFS would disrupt de-
velopment of such changes and be associated with impairment of
recall of extinction, and whether HPC tetanus would restore both
mPFC LTP and expression of fear extinction. Finally, we analyzed
whether HPC LFS and tetanus would modulate expression of fear
extinction in rats with mPFC lesions.

Results

Extinction-related LTP in the HPC-mPFC pathway

Single test stimulation of the dorsal HPC (Fig. 1A) evoked in the
mPFC (Fig. 1B) a field potential characterized by a monosynaptic
negative peak (N peak) at a 20-msec latency (Fig. 1C), as described
by others (Romcy-Pereira and Pavlides 2004). Before and after
conditioning (tone-shock pairings), amplitude of this N peak was
stable in both shocked (FC) and nonshocked (NFC) rats. In ad-
dition, the two groups did not differ electrophysiologically from
each other before and after conditioning. This indicates that the
application of eyelid shock (unconditioned stimulus) did not al-
ter synaptic efficacy in the HPC-mPFC pathway of the FC rats.
However, after extinction training (25 CS-alone presentations),
the FC group displayed increases in the amplitude of the N peak
that were still present up to 72 h later, while responses of NFC
rats stayed at baseline levels during all recording sessions (Fig.
2A). Because the NFC rats also received the same number of CS
presentations, LTP-like changes observed with the FC rats were
therefore a consequence of extinction learning rather than a re-
sult of repetitive presentations of the tone CS-alone. A two-way
ANOVA performed on these data showed a main effect of group
(F, 5 =48.4; P<0.0001) and session (F;s 15 =8.6; P <0.0001)
and a group X session interaction (F,s 1,0 = 8.1; P < 0.0001). Post
hoc Scheffe tests indicated that extinction-related LTP was sig-
nificant immediately after training and throughout the entire
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72-h recording period (all P-values <0.05). The same analyses for
the NFC group confirmed that mPFC response amplitudes were
stable across all recording sessions.

Behavioral data (Fig. 2B) showed that freezing levels were
low during all sessions of CS presentations in NFC animals. FC
rats acquired fear during conditioning as revealed by high levels
of freezing during the first five CS presentations (early extinc-
tion). Continuing presentations of the CS extinguished this be-
havior, which reached low values during the last five CS presen-
tations (i.e., trials 21-25: late extinction), similar to those dis-
played by the NFC group. Seventy-two hours after this training,
re-exposure to the CS (five presentations: retention test) did not
evoke high levels of freezing (absence of spontaneous recovery).
A two-way ANOVA performed on these data (three session levels:
early extinction, late extinction, and retention test) indicated a
main effect of group (F; 3 =59.4; P<0.0001) and session
(Fy16=72.8; P<0.0001) and a group X session interaction
(F5,16 = 66.6; P < 0.0001). Post hoc Scheffe tests indicated that the
two groups did not differ from each other during both late ex-
tinction and retention test. In other words, extinction was fully
recalled in the FC group.

Effects of immediate post-training suppression

of extinction-related mPFC LTP

Two groups of rats (iLFS-T and iLFS-NT) with stable electrophysi-
ological responses before and after conditioning (tone-shock
pairings) were submitted to extinction (25 CS-alone presenta-
tions) of their conditioned freezing behavior and received HPC
LFS immediately after this training (iLFS). HPC LFS produced
decreases in the amplitude of the N peak of the HPC-mPFC field
potential that were still present for both groups up to 72 h later.
Application of HPC tetanus (iLFS-T) suppressed this long-term
depression (LTD) but did not restore extinction-like potentiation
in the mPFC (Fig. 3A). A two-way ANOVA performed on these
data (iLFS-T) and data from rats that did not receive HPC tetanus
before the retention test (iLFS-NT) revealed no main effect of
group (F, g < 0.4). However, there was a main effect of session
(Fys,120 = 7.5; P<0.0001) and a significant session X group in-
teraction (Fys 150 = 2.3; P=0.01). Post hoc Scheffe tests on the
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Figure 1. (A,B) Diagrams showing electrode placements (open circles)
in the dorsal CA1 area of the hippocampus (A: stimulation) and the
ventral part of the prelimbic area (PL) of the medial prefrontal cortex (B:
recording). (C) Representative changes in field potential (from baseline)
following extinction training (Post-extinction), CA1 low-frequency stimu-
lation (Post-LFS), and tetanus (Post-tetanus). Changes in the negative
peak were measured between the two dotted lines separating the first
positive (P) and negative (N) peaks. (S) Stimulus artifact.
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Figure 2. (A) Changes (mean + SEM percent relative to baseline) in the
amplitude of the negative (N) peak of the prefrontal field potential at
baseline (D3-D4: lower dotted line), after fear conditioning (FC), and
after extinction training (Ex: upper dotted line). (B) Freezing behavior
(mean =+ SEM) during the first (early extinction) and last (late extinction)
five CS presentations of extinction training (25 CS presentations) and
during the retention test (five CS presentations).

same data before HPC tetanus showed that in both groups, LTD
induced by HPC LFS was significant relative to baseline values (all
P < 0.05). After tetanus, values of N-peak amplitude in the iLFS-T
group did not differ from baseline values or from those of the
iLFS-NT group.

Behavioral data showed that both groups similarly acquired
(as shown in early extinction) and extinguished (as shown in late
extinction) their conditioned freezing behavior to the tone CS
(Fig. 3B). However, during the retention test, levels of freezing
were again high in the iLFS-NT group, while freezing remained
low in the iLFS-T group, indicating that immediate post-training
HPC LFS blocked expression of extinction and that HPC tetanus
restored this function. A two-way ANOVA performed on these
data (three session levels: early extinction, late extinction, and
retention test) showed a main effect of group (F, s = 6.1; P < 0.05)
and session (F, ;4= 98.8; P <0.0001) and a group X session in-
teraction (F, ;6 = 12.1; P < 0.001). Post hoc Scheffe tests indicated
that the two groups differed from each other only during the
retention test (P < 0.001). Further analyses confirmed that freez-
ing levels observed during the retention test in the iLFS-NT group
were significantly higher than those observed during late extinc-
tion (P < 0.001) and did not differ from those observed during
early extinction. In contrast, freezing levels recorded during the
retention test in rats that received tetanus (iLFS-T group) differed
only from those observed during early extinction (P < 0.0001).

Effects of delayed post-training suppression

of extinction-related mPFC LTP
Two groups of rats (dLFS-T and dLFS-NT) with stable response
amplitudes before and after fear conditioning (tone-shock pair-
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Figure 3. Effects of immediate post-training low-frequency stimulation
(LFS) and pre-retention test tetanus (T) of the hippocampus. (A) Changes
(mean = SEM percent relative to baseline) in the amplitude of the nega-
tive (N) peak of the prefrontal cortex field potential at baseline (D3-D4:
lower dotted line), after fear conditioning (FC), and post-extinction (Ex)
hippocampal LFS and tetanus. Hippocampal tetanus failed to restore ex-
tinction-related potentiation (upper dotted line). (B) Freezing behavior
(mean = SEM) during the first (early extinction) and last (late extinction)
five CS presentations of extinction training (25 CS presentations) and
during the retention test (five CS presentations) in rats that received both
LFS and tetanus (iLFS-T) and in rats that received only LFS (iLFS-NT).

ings) were re-exposed to the tone CS, and HPC-mPFC field po-
tentials were recorded during the 2 h that followed extinction
training and 48 h later (Fig. 4A). Both groups displayed increases
in the amplitude of the N peak of HPC-mPFC field potential that
were still present at the 48-h recording session. At this post-
training delay, HPC LFS (dLFS) induced depotentiation to base-
line-like values that was still present 24 h later. Application of
HPC tetanus (dLFS-T) restored the pre-LFS values of LTP (Fig. 4A).
A two-way ANOVA performed on data from rats with and with-
out HPC tetanus (dLFS-T and dLFS-NT, respectively) did not in-
dicate any main effect of group (F, g < 0.3), while a main effect of
session and a significant session X group interaction were found
(Fis5,120 = 18.2; P <0.0001, and F, ;,, = 1.8; P<0.05, respec-
tively). Post hoc Scheffe tests on data before HPC LFS showed
significant extinction-related LTP immediately after extinction
training and 48 h later in both groups (all P-values <0.05). After
LFS, values of N-peak amplitude did not differ from baseline lev-
els for either group. However, after HPC tetanus, values of N-peak
amplitude were again different from baseline levels (six levels;
P < 0.05); these values did not differ from extinction-related LTP
levels, but differed from those of rats that did not receive HPC
tetanus (all P-values <0.05).

Behavioral data showed again that both groups acquired (as
shown in early extinction) and extinguished (as shown in late
extinction) their conditioned freezing behavior to the tone CS
(Fig. 4B). However, during the retention test, levels of freezing

returned to early extinction-like values in the dLFS-NT group,
while levels of freezing remained at late extinction-like values in
the dLFS-T group, indicating that delayed post-training HPC LFS
also blocked the expression of extinction and that tetanus re-
stored extinction. A two-way ANOVA performed on these data
(three session levels: early extinction, late extinction, and reten-
tion test) showed a main effect of group (F, s = 8.9; P < 0.05) and
session (Fy ;6 =39.1; P <0.0001) and a group X session interac-
tion (F, 6 =4.9; P <0.05). Post hoc Scheffe tests indicated that
the two groups differed from each other only during the reten-
tion test (P < 0.0001). Further analyses confirmed that freezing
levels observed during the retention test in the dLFS-NT group
were significantly higher than those recorded during late extinc-
tion (P <0.01) and did not differ from those expressed during
early extinction. In contrast, freezing levels in the dLFS-T group
differed only from those recorded during early extinction
(P <0.0001).

HPC modulation of extinction memory in rats

with mPFC lesions

Three groups of rats with mPFC lesions (mPFC, mPFC + LFS, and
mPFC + LES + T groups) (Fig. SA) and sham-operated rats (Sham
group) were submitted to fear conditioning (tone-shock pair-
ings) and extinction of their conditioned freezing behavior to the
tone. All groups acquired (as shown in early extinction) and ex-
tinguished (as shown in late extinction) their conditioned freez-
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Figure 4. Effects of delayed post-training low-frequency stimulation
(LFS) and pre-retention test tetanus (T) of the hippocampus. (A) Changes
(mean = SEM percent relative to baseline) in the amplitude of the nega-
tive (N) peak of the prefrontal field potential at baseline (D3-D4: lower
dotted line) and after fear conditioning (FC), extinction (Ex), and different
hippocampal train stimulations. Hippocampal tetanus restored extinc-
tion-related potentiation (upper dotted line). (B) Freezing behavior (mean
+ SEM) during the first (early extinction) and last (late extinction) five CS
presentations of extinction training (25 CS presentations) and during the
retention test (five CS presentations) in rats that received both LFS and
tetanus (dLFS-T) and in those that received only LFS (dLFS-NT).
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B in the mPFC after extinction of condi-
tioned fear was also confirmed in more
recent studies in the mouse MD-mPFC
projection (Herry and Garcia 2002) and
the rat ventral HPC-mPFC projection (S.
Hugues, A. Chessel, 1. Léna, R. Marsault,
and R. Garcia, in prep). In the present
study, we observed that the dorsal HPC-
mPFC pathway also displays extinction-
related LTP and that this correlated with
good recall of extinction. Indeed, its dis-
ruption by HPC LFS was associated with
impaired recall of extinction. A similar

S 4 7 AP +2.7mm
LI

Figure 5. (A) Histology: schematic representation of brain lesions mapped onto coronal rat brain
sections showing the extent of the largest (outline) and smallest (filled) electrolytic lesions in the medial
prefrontal cortex. Note that lesions included both prefrontal prelimbic and infralimbic areas. Each
group of lesioned rats initially comprised seven animals. (B) Freezing behavior (mean =+ SEM) during
the first (early extinction: EE) and last (late extinction: LE) five CS presentations of extinction training
(25 CS presentations) and during the retention test (RT; five CS presentations) in all groups.

ing behavior (Fig. 5B: EE and LE, respectively). However, during
the retention test (Fig. 5B: RT), levels of freezing behavior were
high in lesioned rats that received immediate HPC LES after ex-
tinction (mPFC + LFS), but not in rats that received both imme-
diate post-training HPC LFS and HPC tetanus before the reten-
tion test (mPFC + LES + T). Levels of freezing remained low in the
Sham group and in lesioned rats that did not receive any HPC
train stimulation (mPFC group). A two-way ANOVA performed
on the extinction data (two session levels: early and late extinc-
tion) showed that the four groups extinguished similarly (no
group effect: F; ,5 < 1; main effect of session: F, ,3 = 123;
P < 0.0001). Direct between-group comparisons revealed that the
mPFC + LFS group differed from each of the other groups during
the retention test (Scheffe test: all P-values <0.05). The three
other groups (i.e., Sham, mPFC, and mPFC + LFS + T) did not
differ from each other. Moreover, the mPFC + LFS group exhib-
ited significantly higher levels of freezing during the retention
test than during late extinction (P < 0.05), indicating fear recov-
ery for this group.

Discussion

Our results show that fear extinction is accompanied by long-
lasting increases in synaptic efficacy (LTP-like synaptic changes)
in the projection from the dorsal HPC to the mPFC. When HPC
LFS was given immediately or 48 h after extinction training, it
suppressed this extinction-related synaptic plasticity. In both
cases (immediate and delayed post-training LFS), recall of extinc-
tion was impaired. HPC tetanus, given several hours later, failed
to restore mPFC LTP in the immediate post-training LFS group,
but facilitated recall of extinction in both cases (immediate and
delayed post-training LFS groups), indicating the possibility of
protection against fear return in certain circumstances (here HPC
LFS) even in the absence of mPFC LTP. In addition, lesions of the
mPFC did not interfere with the behavioral effects of HPC LFS
and tetanus, supporting the idea of an involvement of other HPC
outputs in the modulation of long-term memory of fear extinc-
tion.

Extinction-related LTP in the mPFC was first reported in
mice. It was found that the monosynaptic component of MD-
mPFC field potentials displays LTP-like changes following extinc-
tion training (Herry et al. 1999). Potentiation of synaptic efficacy
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finding has been reported in a study ana-
lyzing MD-mPFC synaptic plasticity in
relation to extinction, where application
of MD LES during extinction blocked de-
velopment of MD-mPFC LTP and im-
paired extinction recall (Herry and Gar-
cia 2002). However, although MD LFS
and HPC LFS seem to similarly impair
retention of fear extinction, it is possible
that the effects of MD LFS may be medi-
ated by other brain areas since MD le-
sions do not alter retention of fear extinction (Garcia et al. 2006),
while inactivation of the dorsal HPC impairs fear extinction (Cor-
coran and Maren, 2001, 2004; Corcoran et al. 2005).

Moreover, it is possible that impairment of recall of fear
extinction provoked by HPC LFS does not result from suppres-
sion of extinction-associated mPFC LTP. Indeed, we found that
HPC tetanus restored extinction-like levels of mPFC LTP only
when post-training depotentiation was induced several hours af-
ter training and not when it was induced immediately. However,
in both cases (with or without mPFC LTP), HPC tetanus facili-
tated recall of extinction. In other words, HPC train stimulation
can modulate memory of fear extinction independently of levels
of synaptic efficacy in the HPC-mPFC pathway. This idea is also
supported by our findings showing that the HPC similarly modu-
lates fear extinction in rats with or without lesions of the mPFC
area that displayed extinction-related LTP. These data are in ac-
cord with recent findings demonstrating that damage to the
mPFC (including both infralimbic and prelimbic areas) does not
interfere with retention of fear extinction (Garcia et al. 2006),
suggesting that the mPFC is not necessary for retention or ex-
pression of extinction of conditioned fear. However, another
possible explanation for the lack of effect of permanent lesions is
recovery of mPFC function by other structures. Because the HPC
projects directly to the amygdala (Maren and Fanselow 1995;
Pitkanen et al. 2000), a key structure in fear extinction (Davis et
al. 2003), and because electrical stimulation of the HPC has been
shown to induce synaptic plasticity in the amygdala (Maren and
Fanselow 1995), it is possible that HPC train stimulation caused
modulation of fear extinction via changes in synaptic efficacy in
the HPC-amygdala circuits. This idea is supported by numerous
findings showing that extinction of conditioned fear involves
synaptic plasticity-related activities (such as gene expression,
protein synthesis, N-methyl-p-aspartate receptor binding, and
signaling pathway activation) in the hippocampus and amygdala
(Vianna et al. 2001, 2003; Szapiro et al. 2003; Cammarota et al.
2005).

In conclusion, it seems that the mPFC is involved in fear
extinction (Herry and Garcia 2002; Milad and Quirk 2002; Barrett
et al. 2003; Herry and Mons 2004; Hugues et al. 2004; Santini et
al. 2004) but is not necessary for this memory process (Garcia et
al. 2006; this study). The HPC may interact with mPFC during
processes related to long-term fear extinction memory (as shown
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by extinction-related LTP in the HPC-mPFC pathway), but the
HPC may also modulate fear extinction independently of this
interaction (as shown by both electrophysiological and lesion
data).

Materials and Methods

Surgery

The experiments were performed with male Wistar rats (Dépré)
in accordance with the European Community Guidelines on the
care and use of laboratory animals (86/609/EEC). Five to seven
days after arrival, each rat (280-350 g) was anesthetized with
sodium pentobarbital (65 mg/kg, i.p.), placed in a stereotaxic
frame, and ipsilaterally implanted with a pair of twisted silver
electrodes (90 pm diameter; insulated except at section) for
mPFC field potential recording in the right hemisphere or bilat-
erally implanted with the same type of electrodes for mPFC le-
sions with additional electrodes for HPC stimulation. The record-
ing (or lesioning) and stimulating electrodes targeted the ventral
part of the prelimbic area of the mPFC (AP: 3.2 mm anterior to
bregma; ML: 0.6 mm; DV: 3-4 mm from dura) and the CAl
region of the dorsal HPC (AP: 3.2 mm posterior to bregma; ML:
1.6 mm; DV: 2.2 from dura), respectively. For rats in mPFC dam-
age groups, lesions were made with anodal, constant direct cur-
rent on each side (1.2 mA for 12 sec); lesion electrodes were also
placed in the mPFC of sham-operated rats, but no current was
applied. For electrophysiological purposes, one of three screws
on the skull served as the recording ground. In addition to elec-
trode placement in the brain, two stimulating silver electrodes
(110 pm diameter; insulated except at the tip with 0.4-0.6 mm of
exposition) were inserted in the right eyelid (without altering the
eyelid function) for shock administration during fear condition-
ing. The entire miniature system was fixed in place onto the skull
with dental cement.

Stimulating and recording in behaving rats

Electrophysiological activity was recorded through a junction
field effect transistor (JFET) operational amplifier connected to
the headstage. Cables from the JFET were relayed at the top of the
box by a multichannel rotating connector, allowing the animal
free movement inside the recording chamber. Field potentials
evoked in the mPFC by single-pulse stimulation (0.1-msec rect-
angular monophasic pulses) applied to the dorsal HPC were sent
to an amplifier (gain 1000 x; bandpass 0.001-1 kHz) and re-
corded (Spike2 software; Cambridge Electronic Design) for off-
line analysis. Before the first baseline recording session, responses
were measured as a function of stimulus strength (input-output
curves: 100-1000 pA). An intensity corresponding to 60%-70%
of the saturation level was chosen for the test stimulus, which
was applied every S sec during each recording session for a total
of seven field potentials.

Procedure

After 4-7 d of recovery from surgery, rats were habituated, over a
2-d period (D1-2), to being transported from the animal house to
the experimental room, and to being connected to stimulating
and recording cables. Electrophysiological studies started after
this period. Baseline recording sessions (1 session/day; 3 d: D3-5)
took place in a square cage (cage A, 30 cm side, plastic floor) that
was washed with a solution containing a mixture of ethanol
(50%) and lemon scent before introducing each animal. The cage
was placed inside a sound-attenuating and temperature-
regulated chamber (Imetronic). Following the third baseline re-
cording session (DS$), animals were divided into three pairs of
groups with five subjects per group: FC and NFC (fear condition-
ing and no fear conditioning, respectively), iLFS-T and iLFS-NT
(immediate LFS followed by tetanus or no tetanus, respectively),
and dLFS-T and dLFS-NT (delayed LES followed by tetanus or no
tetanus, respectively). Each rat was then placed in a cylindrical
cage (cage B, 25 cm diameter, floor covered with animal bedding

that was changed before introducing each animal). Cage B was
also placed inside the sound-attenuating and temperature-
regulated chamber and was washed with ethanol (70%). Four
minutes after being placed in cage B, all rats, except those in the
NFC group, were subjected to five pairings of tone (32 sec, 2 kHz,
70 dB) and shock (a train of eight 3.5-mA pulses at 5 Hz; intertrial
interval: 60-180 sec). Rats in the NFC group were exposed to five
tone-alone presentations. Two minutes after the onset of the fifth
tone presentation, rats were placed back in their home cages in
the animal room, where they were left undisturbed for 72 h. After
this delay (D8), rats were reintroduced in cage A, where they were
exposed to 25 tone-alone presentations (intertrial interval: 60—
180 sec). After the last tone presentation, animals of the iLFS
groups were immediately subjected to HPC LEFS, a train of 2 Hz for
25 min. Seventy-two hours later (D11), only rats in the iLFS-T
group received HPC tetanus (100 Hz, 1 sec), which was applied 75
min before the retention test, while the other rats (iLFS-NT
group) served as controls for the behavioral effects of LFS. The
2-Hz-25-min parameter was defined from our preliminary stud-
ies showing that it induced either LTD when applied from base-
line levels or depotentiation when applied from LTP levels in
non-fear-conditioned rats. Likewise, the 100-Hz-1-sec parameter
was chosen because it produced LTP in non-fear-conditioned
rats. Forty-eight hours after extinction training (D10), rats in the
dLFS groups also were subjected to HPC LFS. Only one group
(dLFS-T) received HPC tetanus before the retention test. The
other rats (dLFS-NT group) served as controls for the behavioral
effects of LFS. Rats from the FC and NFC groups did not receive
any HPC train stimulation (no LFS and no tetanus) after extinc-
tion training. The retention test for all animals took place in cage
A, 72 h after extinction training (D11). In addition to baseline
recording (D3-D5), field potentials were recorded before extinc-
tion training (D8), during the 2 h that followed extinction train-
ing (D8a-d), before (D10a), and after (D10b-d) LFS, and before
(D11a) and after (D11b-d) tetanus. Rats with mPFC lesions were
subjected to a regimen similar to the FC group (mPFC group), the
iLFS-NT group (mPFC + LFS group), and the iLFS-T group
(mPFC + LES + T group), but without any mPFC field potential
recording. Sham-operated rats (Sham group) were treated simi-
larly to the FC group, but without mPFC field potential record-
ings. The behavior of each animal was monitored continuously
and, when necessary, recorded via a camera-VCR-monitor sys-
tem. Conditioned fear was assessed by measuring freezing behav-
ior, defined as the absence of all movement except those associ-
ated with respiratory (Blanchard and Blanchard 1968). Freezing
was scored using a time-sampling procedure. The amount of time
spent freezing was measured during the 32-sec period of each CS
presentation (conditioning, extinction, and retention test).

Histology and statistical analyses

Upon completion of the experiments, rats were placed under
deep anesthesia, and the tips of electrode placements in the
mPFC and/or the dHPC were marked by passing a 0.3-mA to
0.5-mA current for 20 sec. The placement of the electrodes and
mPFC lesions were then verified by standard histological analy-
ses.

All data were expressed as means and standard error of the
means (SEM) and analyzed by analysis of variance (ANOVA).
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