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Extinction of contextual fear conditioning (CFC) in the presence of
a familiar nonfearful conspecific (social support), such as that of
others tasks, can occur regardless of whether the original memory
is retrieved during the extinction training. Extinction with social
support is blocked by the protein synthesis inhibitors anisomycin
and rapamycin and by the inhibitor of gene expression 5,6-dichloro-1-
β-D-ribofuranosylbenzimidazole infused immediately after extinction
training into the ventromedial prefrontal cortex (vmPFC) but unlike
regular CFC extinction not in the CA1 region of the dorsal hippocam-
pus. So social support generates a form of learning that differs from
extinction acquired without social support in terms of the brain struc-
tures involved. This finding may lead to a better understanding of the
brain mechanisms involved in the social support of memories and in
therapies for disorders related to dysfunctional fear memories. Thus,
here we show that the consolidation of extinction memory with social
support relies on vmPFC rather than hippocampus gene expression
and ribosomal- and mammalian target of rapamycin-dependent pro-
tein synthesis. These results provide additional knowledge about the
cellular mechanisms and brain structures involved on the effect of
social support in changing behavior and fear extinction memory.
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Fear memories are essential for survival, however, their over-
expression and/or generalization to other than the original

stimulus, may lead to fear- and anxiety-related disorders, such as
phobias and post-traumatic stress disorder (1–7). Currently, the
first-line treatment for these disorders is the extinction-based
exposure therapies (2, 3, 8, 9), which suppresses fear response
by repeatedly exposing the subjects to the fear-inducing stimulus
without harmful consequences (10).
Pavlovian fear conditioning (FC) is a widely used experimental

model to study fear learning and extinction (8, 11–13). In this
paradigm, a neutral conditioned stimulus (CS) is paired with an
aversive unconditioned stimulus (US). Subsequent presentations
of the CS alone elicit a conditioned fear response (2, 7, 12).
Multiple presentations of the CS in the absence of the US will
eventually induce extinction memory, which decreases the fear
response to the CS (2, 7, 11). Fear extinction memory requires,
at the time of consolidation, protein synthesis in several brain
regions, such as hippocampus (14–19), ventromedial prefrontal
cortex (8), and basolateral amigdala (20).
The expression of a fear response can be modulated by many

factors including by social presence (21–24). It has been reported
that the presence of a conspecific reduces stress and fear re-
sponses to threat situations (25–30). Such reduction in fear re-
sponses can be greater when the conspecific is familiar and/or
nonfearful (15). This social support (S) effect is known as social
buffering and seems to involve direct physical interaction, visual
observation, and/or olfaction (25, 26, 31–34). In addition, the
presence of a conspecific blocks the fear response to an auditory
CS (35) and facilitated fear extinction.

In the current paper, we first examined the effect of S by a
familiar nonfearful conspecific during an unreinforced retrieval on
the extinction memory of contextual FC (CFC). Then, we study
the effects of a ribosomal protein synthesis inhibitor, anisomycin
(Ani); a mammalian target of rapamycin- (Rapa-) (mTOR-) de-
pendent protein synthesis inhibitor, Rapa; and a gene expression
inhibitor, 5,6-dichloro-1-β-D-ribofuranosylbenzimidazole (DRB)
on fear extincion memory of CFC with S when infused into the
CA1 region of the dorsal hippocampus or ventromedial prefrontal
cortex (vmPFC).

Results
Effect of S by a Familiar Conspecific on the Extinction of CFC. To
verify the effect of S on the extinction memory of CFC, animals
were submitted to a training session (CFC) alone. After 24 h,
they were submitted to a 10-min extinction training (Ext Tr)
session either Alone (A) or in the presence of a familiar con-
specific, Support; and after another 24 h, the animals underwent
a 3-min extinction retention test (Test) always alone. As can be
observed in Fig. 1, animals whose Ext Tr occurred with S
expressed less freezing behavior than animals submitted to the
Ext Tr alone. One-way ANOVA showed significant differences
between groups (F3,28 = 16.40; P < 0.0001), and the Newman–
Keuls test revealed significant differences between the first 3 min
of Ext Tr support and the first 3 min of Ext Tr A. However, both
groups (A and Support) exhibited similar levels of freezing
during the Test, indicating that, even in the absence of retrieval,
animals submitted to the Ext Tr with a familiar conspecific were
able to learn the extinction of CFC. Clearly, S adds a degree of
complexity to the task under study (one more stimulus and its
consequences to be analyzed besides the regular CS and US).

Significance

The presence of a familiar nonfearful conspecific during the ex-
tinction training session inhibits the retrieval but not the consoli-
dation of the extinction of contextual fear conditioning. This effect
relies on ventromedial prefrontal cortex rather than hippocampal
gene expression and on ribosomal- and mTOR-dependent protein
synthesis. These results provide knowledge about the cellular
mechanisms and brain structures involved on the effect of social
support in changing behavior and fear extinction memory.
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Effect of Ani, Rapa, and DRB Given into the vmPFC on the
Consolidation of the Extinction of CFC with S. A time-honored
way of assessing whether a given brain structure participates in a
given behavioral task is to study the effect of inhibition of ribo-
somal or mTOR-mediated protein synthesis and of gene ex-
pression in that structure. For these purposes, the effect of the
localized infusion of well-known inhibitors of these processes,
the most widely used of which are Ani, Rapa, and DRB, re-
spectively (7, 14, 15). To verify the participation of vmPFC on
the extinction of CFC with S, animals were submitted to a
training session (CFC) alone. After 24 h, they were submitted to
an Ext Tr either A or Support. Immediately after the Ext Tr
session, animals received intra-vmPFC infusions of vehicle
(Veh), anisomycin (Ani, 80 μg per side; inhibitor of ribosomal
protein synthesis), rapamycin (Rapa, 5 μg per side; inhibitor of
mTOR-mediated protein synthesis) or DRB (8 ng per side; in-
hibitor of gene expression). The doses were taken from the lit-
erature (7, 14, 15). Twenty-four hours later, the animals
underwent a Test always alone. In Fig. 2A, on the Test, two-way
ANOVA revealed a significant difference among the variables:
interaction (F7,85 = 3.62; P = 0.0018; Fig. 2A), treatment (F7,85 =
15.47; P < 0.0001), and groups (F1,85 = 12.81; P = 0.0006). In Fig.
2B, interaction (F7,76 = 8.65; P < 0.0001), treatment (F7,76 =
30.56; P < 0.0001), and groups (F1,76 = 39.91; P < 0.0001) and in
Fig. 2C, interaction (F7,76 = 5.55; P < 0.0001), treatment (F7,76 =
20.12, P < 0.001), and groups (F1,76 = 18.25; P < 0.0001). During
the Test, animals of both A and Support groups that received
intra-vmPFC infusions of Ani (A), Rapa (B), or DRB (C)
showed an impairment of extinction memory compared with
their control groups. Boferroni’s post hoc revealed significant
differences among Veh vs. Ani (P < 0.01; Fig. 2A), Veh vs. Rapa
(P < 0.001; Fig. 2B), and Veh vs. DRB (P < 0.001; Fig. 2C)
groups A. Similar results were observed on the Test support
groups: Veh vs. Ani (P < 0.001; Fig. 2A), Veh vs. Rapa (P <
0.001; Fig. 2B), and Veh vs. DRB (P < 0.001; Fig. 2C). The
results obtained using Ani, Rapa, and DRB infusions suggest
that the vmPFC is involved in the consolidation of the extinction
of CFC with S.

Effect of Ani, Rapa, and DRB Given into the CA1 on the Consolidation
of the Extinction of CFC with S. To verify the participation of the
CA1 region of the hippocampus on the extinction of CFC with S,

Fig. 1. Effect of S by a familiar conspecific on the extinction of CFC. Animals
were trained in CFC (three 2-s, 0.5-mA scramble foot shocks separated by 30-s
intervals). After 24 h, animals were submitted to an Ext Tr session either A or
with S. Twenty-four hours later, the animals underwent a Test in which they
were alone. The figure shows the percentage of time spent freezing in the first
2 min of the Tr, in the first 3 min and the last 3 min of the Ext Tr, and in the Ext
Test. Data are expressed as mean ± SEM (n = 8 animals per group). ***P <
0.0001 vs. group A in the first 3 min of the Ext Tr, the Newman–Keuls test after
one-way ANOVA. (Upper) Schematic of the behavioral protocol used.

Fig. 2. Effect of Ani, Rapa, and DRB given into the vmPFC on the consoli-
dation of the extinction of CFC with S. Animals with infusion cannulae
implanted in the vmPFC were trained in CFC (three 2-s, 0.5-mA scramble foot
shocks separated by 30-s intervals). After 24 h, the animals were submitted
to an Ext Tr either A or with S. Immediately after the Ext Tr session, the
animals were bilaterally infused intra-vmPFC with Veh, Ani (80 μg per side)
(A), Rapa (5 μg per side) (B), or DRB (8 ng per side) (C). Twenty-four hours
later, the animals underwent an Ext Test alone. When given into the vmPFC,
Ani, Rapa, and DRB blocked the consolidation of the extinction of CFC. The
figure shows the percentage of time spent freezing in the first 2 min of the
Tr, in the first 3 min and the last 3 min of the Ext Tr, and in the Test. Data are
expressed as mean ± SEM (n = 5–7 animals per group). **P < 0.01 and ***P <
0.001 vs. control groups in the retention Test, Bonferroni’s post hoc after
two-way ANOVA. (Upper) Schematic of the behavioral protocol used.
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the protocol described above was repeated, except that now,
animals received intra-CA1 infusions of Veh, Ani (80 μg per
side), Rapa (5 μg per side), or DRB (8 ng per side) immediately
after the Ext Tr. In Fig. 3A, on the Test, two-way ANOVA
revealed a significant difference among the variables: interaction
(F7,68 = 13.30; P < 0.001), treatment (F7,68 = 28.26; P < 0.001),
and groups (F1,68 = 49.53; P < 0.001). In Fig. 3B, interaction
(F7,80 = 47.09; P < 0.0001), treatment (F7,80 = 52.81; P < 0.001),
and groups (F1,80 = 208.87; P < 0.0001) and in Fig. 3C, in-
teraction (F7,80 = 16.09; P < 0.0001), treatment (F7,80 = 28.33;
P < 0.0001), and groups (F1,80 = 89.66; P < 0.0001). As shown in
Fig. 3, animals whose Ext Tr occurred A and received intra-CA1
infusions of Ani (A), Rapa (B), or DRB (C) exhibit an impair-
ment on extinction memory compared with their control groups
on the Test. Boferroni’s post hoc revealed significant differences
among Veh vs. Ani (P < 0.001; Fig. 3A), Veh vs. Rapa (P <
0.001; Fig. 3B), and Veh vs. DRB (P < 0.001; Fig. 3C) groups A.
Whereas, the animals whose Ext Tr occurred with S and received
intra-CA1 infusions of Ani (A), Rapa (B), or DRB (C) were able
to extinguish the memory as well as the control group on the
Test. The results obtained using Ani, Rapa, and DRB infusions
suggest that the CA1 region of the hippocampus is not involved
in the consolidation of the extinction of CFC with S.

Discussion
Here, we show that the presence of a familiar nonfearful con-
specific during the Ext Tr session inhibits the retrieval but not
the consolidation of the extinction of CFC. Concerning whether
the vmPFC and CA1 region of the dorsal hippocampus play a
role in the extinction of CFC with S, our findings show that Ani,
Rapa, and DRB given into the vmPFC but not into the CA1
impairs the consolidation of the extinction of CFC. So S gener-
ates a form of learning that differs from extinction acquired
without S in terms of the brain structures involved.
Stress and fear responses induced by exposure to stressful

stimuli can be attenuated when an animal is exposed in the
presence of a conspecific (25, 35). This phenomenon is known as
social buffering and has been demonstrated as an important
strategy of S in humans (36) and other species, including pigs
(37), guinea pigs (38), cats (39), sheep (40), rhesus monkeys (41),
zebrafish (42), and rodents (21, 25, 27, 31, 35, 43).
The effect of social buffering on fear memory in rodents

demonstrates that the presence of a conspecific decreases es-
cape, avoidance, and freezing behavior (25, 35, 44, 45) and can
occur either by pair housing after a stressful traumatic event or
by pair exposure to an acute stressor or FC with an unfamiliar
conspecific animal (28, 45), however, the effect is more prom-
inent when the conspecific is a familiar animal (46).
Studies investigating the neural pathways that underlie the social

buffering of conditioned fear responses indicate that pair exposure
to a contextual CS attenuates the c-Fos expression in the para-
ventricular nucleus (PVN) of the hypothalamus, lateral amygdala
(LA), and central amygdala (28, 35, 47). Also, the presence of a
conspecific suppressed the behavioral responses and hypothalamic-
pituitary-adrenal axis activation to the CS, leading the corticosterone
levels equal to a nonconditioned group (46). The pharmacological
antagonism and genetic down-regulation of oxytocin receptors in
the lateral septum but not in the hippocampus suppressed, whereas
oxytocin administration facilitated, the reduction of FC behavior
induced by preexposure to nonfearful conspecifics (48).
The effect of S also seems to occur during the extinction

process. Animals submitted to an Ext Tr that is unable by itself to
induce extinction of fear memory when in the presence of an
unfamiliar conspecific exhibited inhibition of freezing responses
on the Test session that was followed by a decreased c-Fos ex-
pression in the PVN and LA, indicating a facilitation of extinc-
tion (22). Bredy and Barad (49) reported that exposing mice to a
recently FC familiar conspecific or to a urinary chemosignal from

shocked conspecifics facilitates extinction learning but not the
retention of extinction memory. Moreover, the presence of an-
other animal in the Ext Tr facilitates extinction memory con-
solidation, and this effect is mediated by oxytocin in mPFC,
once the intra-mPFC infusions of an oxytocin selective agonist

Fig. 3. Effect of Ani, Rapa, and DRB given into the CA1 on the consolidation
of the extinction of CFC with S. Animals with infusion cannulae implanted in
the CA1 were trained in CFC. After 24 h, the animals were submitted to an
Ext Tr either A or with S. Immediately after the Ext Tr session, the animals
were bilaterally infused intra-CA1 with Veh, Ani (80 μg per side) (A), Rapa (5
μg per side) (B), or DRB (8 ng per side) (C). Twenty-four hours later, the
animals underwent an Ext Test alone. When given into the CA1, Ani, Rapa,
and DRB blocked the consolidation of the extinction of CFC of group A but
not with S. The figure shows the percentage of time spent freezing in the
first 2 min of the Tr, in the first 3 min and the last 3 min of the Ext Tr, and in
the Test. Data are expressed as mean ± SEM (n = 5–7 animals per group).
***P < 0.001 vs. control groups in the retention Test, Bonferroni’s post hoc
after two-way ANOVA. (Upper) Schematic of the behavioral protocol used.
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enhanced, whereas the infusion of an antagonist, blocked the
facilitation of extinction induced by a conspecific (21).
Here, we verified that the presence of a familiar conspecific on

the Ext Tr session was capable of inhibiting the retrieval of the fear
memory but not the consolidation of the extinction of CFC. This
is in agreement with other results demonstrating that the social
presence facilitates the extinction of fear memories (21, 22, 31, 49)
and with recent data showing that retrieval performance is not
necessary for the initiation, maintenance, or spontaneous recovery
of extinction (16). That is, the results suggest that, when extinction
occurs in pairs especially in the presence of a familiar conspecific, it
provides the inhibition of the original fear association. This effect
could be caused by physical contact or social interaction, although
these variables were not measured in this paper.
The involvement of the vmPFC (50–54) and the CA1 region of

the hippocampus (17, 54, 55) together with the baso-LA and
other brain structures (7, 8, 18, 55, 56) in the extinction learning
has been extensively described. The manipulation with protein
synthesis inhibitors and signaling pathways indicates that these
brain structures are crucial for the consolidation of extinction (57).
The present paper shows that intra-vmPFC infusions of Ani,

Rapa, or DRB immediately after the Ext Tr session inhibits CFC
extinction in animals trained, extinguished, and Tested alone as
amply described before (7, 8, 56, 58). More importantly, we
verified that, in animals whose extinction occurred in the pres-
ence of a familiar conspecific, the consolidation of the extinction
of CFC with S was abolished when protein synthesis was blocked
in the vmPFC. This suggested that vmPFC participates in the
consolidation of the extinction of CFC with S and requires ri-
bosomal- and mTOR-dependent protein synthesis and gene ex-
pression. When infused intra-CA1 immediately after the extinction
training session, Ani, Rapa, or DRB also inhibited the extinction
of CFC in animals trained, extinguished, and Tested alone
demonstrating that, as previous described (7, 8, 17, 59), extinc-
tion requires ribosomal- and mTOR-dependent protein synthe-
ses and gene expression in the hippocampus, however, had no
effect on the extinction with S.
The involvement of the vmPFC in learning with S suggests that it

may be more complex than learning without S. In a recent report, the
enhanced retrieval of humans with highly superior memories corre-
lates with the increased medial PFC activity measured by fMRI (60);
that area appears to be related to the processing of more complex
memories than those that take place without its intervention.
Thus, here, we show that consolidation of the extinction

memory with S relies on vmPFC rather than hippocampal gene
expression and ribosomal- and mTOR-dependent protein syn-
thesis. These results provide additional knowledge about the
cellular mechanisms and brain structures involved in the effect of
S in changing behavior and fear extinction memory.

Materials and Methods
Animals. Male Wistar rats (CrlCembe:WI; 3 mo old, 300–330 g) from Centro
de Modelos Biologicos e Experimentais (CeMBE) of the Pontifical Catholic
University of Rio Grande do Sul, Porto Alegre, Brazil were housed and
maintained in groups of four per housing box with free access to food and
water under a 12-h light/dark cycle (lights on at 7:00 AM) and the room’s

temperature maintained at 22 to 23 °C. Each animal was randomly assigned
to the group A, S (the group of subjects submitted to the extinction learning
in the presence of a familiar nonfearful conspecific), or the animal used as S
(rat placed with the subject during Ext Tr). Cage mates were assigned to the
group of subjects submitted to the presence of a conspecific or to the S
group to maintain the familiarity among them. All experimental procedures
were approved by the Animal Committee on Ethics in the Care and Use of
Laboratory Animals of the Pontifical Catholic University of Rio Grande do
Sul, Brazil.

Surgery. Animals were deeply anesthetized with i.p. injections of ketamine
(75 mg/kg) and xylazine (10 mg/kg) and implanted with a 22-gauge bilateral
guide cannula 1 mm above the CA1 region of the dorsal hippocampus
(anterior −4.2 mm, lateral ± 3.0 mm, ventral −1.8 mm; from Bregma) or the
ventromedial prefrontal cortex (anterior +3.2 mm, lateral ± 0.8 mm, ven-
tral −4.1 mm; from Bregma) according to the coordinates of the Atlas by
Paxinos and Watson (61). Dental acrylic cement was used to fix the guide
cannulae to the skull. After surgery, animals were allowed 7 d for recovery
before behavioral procedures and were handled daily for 3 d before the
behavioral experiments.

Extinction of CFC. For the CFC, animals were individually placed into the
conditioning chamber (a 35 × 35 × 35 cm aluminum box with acrylic walls, a
floor of stainless-steel grid bars connected to a device to deliver the foot-
shock presentations, and placed inside a sound-attenuating box with a
ventilating fan) and after 2 min, three electrical foot shocks (0.5 mA, 2 s)
were delivered with a 30-s interval between them. Animals were removed
from the conditioning chamber 30 s after the last foot shock and placed
back in their home cages. After 24 h, animals were placed in the same
conditioning chamber, Alone (A) or in the presence of a familiar nonfearful
conspecific (Social Support, S) for a 10-min extinction training of CFC with no
foot shocks. Twenty-four hours later, all animals were placed again in the
same apparatus alone for a 3-min extinction retention Test again with no
foot shocks. After each use, the apparatus was cleaned with 70% ethanol.
The percentage of time that the animals spent freezing (i.e., no visible
movement except for respiration) in the apparatus was measured (8, 14–16).

Pharmacological Interventions. Animals received intravmCPF or intra-CA1
infusions of 0.9% saline (Veh), Anisomycin (Ani, 80 μg per side; inhibitor
of protein synthesis), Rapamycin (Rapa, 5 μg per side; mTOR-dependent
protein synthesis inhibitor) and DRB (8 ng per side; inhibitor of gene ex-
pression) immediately after the extinction training session.

The doses used were chosen based on previous studies reporting their
efficacy (14, 15, 62, 63). For the drug infusions, a 10-μL Hamilton syringe was
connected through a polyethylene tube to an infusion needle, and 1 μL (at a
rate of 0.5 μL/30 s) was bilaterally infused into the CA1 region of the dorsal
hippocampus or into the vmPFC. Control groups received equal volumes of
sterile saline (0.9%). At the end, the infusion needle was left in place for an
additional 60 s to prevent backflow and was then withdrawn, placed on the
other side, and the procedure was repeated.

Statistical Analysis. Statistical analysis was performed using GraphPad Prism
software. Data were analyzed by one-way ANOVA followed by the Newman–
Keuls test or by two-way ANOVA followed by the Bonferroni test and pre-
sented as mean ± SEM. For all data, the values of P < 0.05 were considered
statistically significant.
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