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The anterior retrosplenial cortex encodes event-related
information and the posterior retrosplenial cortex encodes
context-related information during memory formation

Sydney Trask @', Shane E. Pullins’, Nicole C. Ferrara

' and Fred J. Helmstetter'

The retrosplenial cortex (RSC) is extensively interconnected with the dorsal hippocampus and has several important roles in
learning and memory. Recent work has demonstrated that certain types of context-dependent learning are selectively impaired
when the posterior, but not the anterior, region of the RSC is damaged, suggesting that the role of the RSC in memory formation
may not be uniform along its rostro-caudal axis. The current experiments tested the idea that the anterior and posterior portions of
the rat RSC contribute to different aspects of memory formation. We first confirmed that brief optogenetic inhibition of either the
anterior or posterior RSC resulted in decreased local cellular activity as indexed by immediate early gene zif268 expression and that
this decrease was restricted to the target region within RSC. We then found that silencing the anterior or posterior RSC during trace
fear training trials had different effects on memory: While inhibiting neural activity in the anterior RSC had a selective impact on
behavior evoked by the auditory CS, inhibition of the posterior RSC selectively impaired memory for the context in which training
was conducted. These results contribute to a growing literature that supports functionally distinct roles in learning and memory for

subregions of the RSC.

Neuropsychopharmacology (2021) 46:1386-1392; https://doi.org/10.1038/s41386-021-00959-x

INTRODUCTION

The retrosplenial cortex (RSC) has several important roles in learning
and episodic memory, including learning about discrete stimuli [1]
and spatial environments [2, 3]. The role of the RSC in memory is
well-conserved across species, ranging from rodents [4] to humans
[5, 6] and non-human primates [[7], see [8], for a review]. It has been
proposed that the RSC is responsible for binding together
information about multiple aspects of memory during both
acquisition and consolidation [9], particularly in situations in which
information about the environment informs associations between a
cue and an outcome (i.e., event-related information).

The RSC is well-positioned for an integrative role in memory as
it shares reciprocal connections with several other structures
critical for episodic memory including the prefrontal and cingulate
cortices, as well as the dorsal hippocampus and thalamus [8, 10-
14]. However, memory-related functions of the rat RSC do not
appear to be uniform along its anterior-posterior axis. Damage to
the posterior region of the RSC (pRSC) disrupts spatial learning
[12], but lesions of the anterior RSC (@aRSC) have no impact [15, 16].
This effect is likely driven by the extensive direct connections
between the pRSC and the dorsal hippocampus [17, 18], a
structure critically important for contextual memory. Conversely,
the aRSC shares more connections with the anterior cingulate
cortex (ACC), a region important for cue-related processing in
rodents [19, 20]. Each RSC subregion therefore likely supports
distinct aspects of memory.

Associative learning in rodents has increasingly been used to
understand both behavioral and neurobiological mechanisms that

contribute to memory [21]. In a typical delay conditioning
paradigm, a conditional stimulus (CS; e.g., a tone) is paired with
an unconditional stimulus (UCS; e.g., a footshock). Following
several CS-UCS pairings, later presentations of the CS alone will
elicit a conditioned response (e.g., freezing behavior) [22].
Throughout conditioning, necessary information is also learned
about the context (the environment in which CS-UCS pairings
occur) [23] that helps guide later fear responding. Complete RSC
lesions result in impairments in context conditioning during both
cued [24] and contextual [25-27] fear conditioning, but it is
unclear how RSC subregions contribute to auditory and contextual
aspects of memory.

Trace fear conditioning (TFC) provides an ideal method to study
distinct aspects of episodic memory as important information is
learned about both the event (the cue that predicts the shock) as
well as the context in which conditioning occurs [28]. Unlike delay
conditioning, in TFC a brief period of time known as the trace
interval separates the CS and UCS. TFC requires activity in several
brain regions that are not critical for standard delay conditioning
including the dorsal hippocampus (DH) and RSC [29, 30]. Due to its
interconnectivity with several brain regions needed to support
TFC, the RSC is well-positioned to encode and integrate distinct
aspects of event- and environment-related information [31-34].
Understanding how the brain encodes distinct aspects of memory
will not only provide a deeper mechanistic understanding of
memory, but will also shed light on how memory for environment
and event-related stimuli contribute to maladaptive processes
that underlie several neuropsychiatric disorders.
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The current experiments therefore aimed to determine if a
functional difference exists between the aRSC and pRSC in TFC,
using temporally precise optogenetic inhibition of neural activity.
We hypothesized that the RSC subregions would differentially
encode event-related and context-related information. We pre-
dicted that aRSC activity would be needed to learn about the
event (the stimulus) and that pRSC activity would be needed for
context learning during trace fear acquisition. We also tested
whether the same manipulation applied during the interval
between training trials during the acquisition session, when no
discrete stimuli were presented, would impact performance
during memory retrieval.

METHODS

Subjects

Male Long-Evans rats (300-400 g at virus surgery; Harlan, WI) were
housed individually in plastic cages with chip bedding and free
access to food and water, in accordance with the UWM IACUC. The
room where animals were housed was maintained on a 14:10
light/dark cycle.

Surgical procedures

Solution containing AAV9-CAG-ArchT-GFP or AAV9-CAG-GFP
recombinant virus (obtained from the University of North Carolina
Vector Core; titer: 2 x 10'? molecules/ml) was infused at multiple
sites in either the aRSC or pRSC. This virus causes expression of a
light-activated proton pump in all cell types throughout the
targeted region (including neurons). Rats were anesthetized with
isoflurane and placed in a stereotaxic frame. Six 0.5-mm diameter
holes were drilled in the skull above either the aRSC or pRSC.
Coordinates for the anterior infusions were 0.5 mm lateral, 1.8 mm
ventral, and 1.6, 2.6, and 3.6 mm posterior with respect to bregma.
Coordinates for the posterior infusions were 1.0 mm lateral, 1.8
mm ventral, and 5.6, 6.6, and 7.6 mm posterior with respect to
bregma. Using a 10-ul syringe and a 34-gauge needle (World
Precisions Instruments, Sarasota, FL), 0.3 ul of either ArchT or
control virus was injected at a rate of 50 nl/min. The needle was
left in place for an additional 10 min to allow for diffusion away
from the injector. This was repeated once at each of the six
injection sites for each animal. The incision was sutured and each
animal was given six weeks to allow for optimal expression of
opsins.

Following the six-week recovery period, LED implants were
mounted to the skull above the infusion site for each rat [as in
[35]]. The skull was thinned to create a 2 mm? translucent area
centered above the infusion sites. Light penetration was limited
by applying a layer of opaque black lacquer to the exposed skull
surrounding the thinned window. Silicon-encased, prewired
surface-mount 5050 trichip ultrabright LEDs (Green-521 nm;
oznium.com) were affixed with clear superglue centered over
the skull window. Encased LEDs were secured to the skull with two
screws, cyanoacrylate, and dental cement. Rats were allowed
5-7 days of recovery following LED implantation prior to
behavioral procedures.

Behavioral procedure

Following recovery from LED implantation, animals were placed in
Med Associates (St. Albans, VT) conditioning chambers (30.5 x
24.1 X 29.2 cm) housed in individual sound attenuating chambers.
Chambers were illuminated with an incandescent house light and
exhaust fans provided a 65-dB background noise. A scent was
presented by cleaning each chamber with ethanol immediately
before the animal was placed inside. Following a six-minute
baseline period, rats received 6 CS-UCS pairings. The CS was a 10-
s 72 dB white noise stimulus played from a wall-mounted speaker
mounted. The UCS was a 1-s / 1T mA footshock. A 20-s trace
interval separated each CS and UCS. The ITlI between these
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pairings was on average 240 s. Animals remained in the chamber
for four minutes following the final footshock.

The next day, animals were given two behavioral tests
(counterbalanced). Auditory trace fear retention rats was tested
in a novel context (20.5 X 26.5 x 21 cm). This set of conditioning
chambers in their own sound attenuating boxes were located in a
separate room. These chambers were not illuminated and had
smooth Plexiglas flooring. To create a distinctive scent, chambers
were cleaned with a 5% acetic acid solution immediately before
rats were brought to the lab. Following a two-minute baseline
period, rats received eight 30-s CS presentations (60s ITl) and
remained in the chamber for one minute following the final CS
presentation. Contextual fear retention was assessed by measur-
ing freezing in the original conditioning chamber in the absence
of any auditory stimuli or shocks for five minutes.

Freezing was defined as the cessation of all movement
excluding respiration and was automatically scored in real-time
with FreezeScan 1.0 detection software (Clever Sys, Inc.) calibrated
to a trained human observer.

Light delivery

LEDs were controlled via TTL pulses from a computer running Med
Associates software (Med Associates, St. Albans, VT). Rats were
connected to a patch cord and placed in the chambers at the
beginning of the training session. Continuous light activation
(5 mW) began 1s before each CS presentation and lasted until 1s
following the cessation of each UCS. In ITI control experiments,
light exposure occurred for the same duration, but instead was
presented in the period between CS presentations (the intertrial
interval, ITl) and therefore not overlapping with training trials.

Histology

At the end of each experiment, rats were deeply anesthetized with
an overdose of isoflurane and transcardially perfused with 0.1 M
PBS followed by 10% phosphate-buffered formalin and the brain
were placed in fixative overnight and were then transferred to a
30% sucrose solution (in 0.1 M phosphate buffer) for cryoprotec-
tion. For sagittal sectioning, brains were frozen and mounted on
charged glasses slides. Slides were coverslipped with anti-fade
UltraCruz mounting medium (Santa Cruz) and images of GFP-
expressing cells were obtained with an Olympus FV1200 confocal
microscope to verify the extent of virus expression.

Immunofluorescence

To verify the efficacy and specificity of the optogenetic manipula-
tion, fifteen ArchT-expressing animals were treated the same as
animals in each inactivation condition (@aRSC or pRSC) but was
sacrificed following conditioning to quantify immediate early gene
zif268 expression associated with neural activity [36, 37]. Rats were
deeply anesthetized with isoflurane 60 min following TFC with or
without optogenetic inhibition of the region. Brains were immedi-
ately removed and stored at —80 °C until sliced in 20-micron coronal
sections and mounted onto charged slides. Slides were rehydrated
in wash buffer (PBS + 0.05% Tween-20) and permeabilized (PBS +
0.3% Triton X) for 15-min and incubated in blocking solution (PBS +
0.7% NGS). Slides were then incubated in zif268/EGR1 primary
antibody (Cell Signaling, 1:500, #4153) solution (PBS + 0.3% Triton
X+ 5% NGS) overnight at 4 °C. The next day, slides were incubated
in secondary antibody solution (Thermofisher: Alexa Fluor 594,
1:500) for 2 hours and rinsed with wash buffer, a DAPI counterstain
was applied, and slides coverslipped. Images were captured on the
Olympus Fluoview FV1200 confocal microscope using a 20x
objective lens. Serial z-stack images covered a depth of 4.55 pum
through five consecutive sections (0.917um per section) and were
acquired using Fluoview software (Olympus). Eight slides were
collected to represent 1 mm of tissue along the A/P axis (e.g., —1,
—2, etc), covering the entire infusion area for both anterior and
posterior groups. 12 images (6 from the left hemisphere, 6 from the
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Optogenetic inhibition results in a selective decrease in zif268 expression. A A sagittal view highlighting the RSC along the anterior/

posterior axis. B Percent zif268 expression (expressed as a proportion of total DAPI staining; mean and SEM) across the retrosplenial cortex in
animals that had their aRSC inhibited or pRSC inhibited. Asterisks indicate a significant difference from the no light control group (p < 0.05).

Vertical lines represent target virus infusion sites along the A/P axis.

right hemisphere) were taken for each millimeter for each animal
(with exceptions being made for damaged tissue), giving a detailed
representation of activity along the anterior/posterior axis. zif268
activity (total particle counts measured using the “Analyze Particles”
plugin in Imagel) was normalized as a proportion of total DAPI
present on the same section. Representative images are depicted in
Supplementary Figure 2.

Statistical analysis

All results were analyzed using either one-way or repeated
measures analyses of variance (ANOVAs) or t-tests using SPSS 25
(Statistical Package for Social Sciences; IBM) software, with alpha
set to .05. One rat was excluded in the pRSC ArchT condition for
insufficient virus spread (see Supplementary Figure 3 for depiction
of virus spread, as well as Figs. 2 and 3 for representative images).

RESULTS

Learned fear responses to both the CS and the context depend on
pairing the CS with a UCS during acquisition

In order to ensure that behavioral changes in the present
experiments were produced by pairing the CS with the UCS, a
subset of animals was conditioned as described above and
compared to animals who received equivalent exposure to the
context and the CS but no footshocks. All animals received tests
for freezing to the conditioning context as well as CS-elicited
freezing (Supplementary Figure 1). A 2 (Group: TFC, CS Only) x 33
(Minute) ANOVA conducted to assess responding throughout
acquisition found a main effect of minute, F3;, 416) = 29.87, p<
0.001, h,”> = 0.70, group, F1, 13) = 37.22, p<0.001, h,” = 0.74, and
an interaction between the two, F35 416y = 6.67, p <0.001, hp2 =
0.34, suggesting that while both groups decreased their move-
ment throughout the session, this was more pronounced in the
TFC group. A 2 (Group) x 3 (Condition: Baseline, CS, ITl) ANOVA
that assessed responding during the CS test found a main effect of
condition, F,, 28 = 83.77, p<0.001, h,”> =0.86, group, Fi, 14 =
40.42, p <0.001, hp2: 0.74, and an interaction between the two,
Fi, 28 = 45.06, p <0.001, h,” = 0.76. Planned comparisons found
that while no differences were found in baseline responding, p =
0.86, CS only animals froze less during both the CS, p <0.001, and
ITI, p=10.001. TFC resulted in a similar increase in freezing to the
conditioning context relative to the CS only group, t4 = 12.05,
p<0.001. These results suggest that increases in freezing
observed during testing are reflective of learning a CS-UCS
association rather than habituation to the context.

SPRINGERNATURE

Optogenetic inhibition of either the aRSC or pRSC resulted in
selective suppression of local neural activity

To ensure that inhibition of the aRSC or the pRSC selectively
reduces activity within the targeted region without influencing
activity throughout the RSC, immediate early gene (zif268)
expression was measured following aRSC or pRSC inhibition.
One-way ANOVAs comparing groups on each millimeter of tissue
(Fig. 1) revealed significant differences at —3.00 mm posterior to
bregma (F3, 176y = 8.54, p < 0.001), —5.00 mm (F,, 165 = 14.56, p <
0.001), —6.00mm (F, 165y = 12.46, p<0.001), and —7.00 mm
posterior to bregma (F,, 164y = 6.06, p <0.01), but nowhere else
(largest F = 1.72, p = 0.18). Bonferroni tests confirmed that at both
—3.00 mm and —5.00 mm, animals that had their aRSC inhibited
during acquisition showed less zif268 expression than No Light
controls (ps <0.001), and at —6.00 mm and —7.00 mm, animals
that had their pRSC inhibited during conditioning showed less
zif268 expression than controls (ps <0.001 and .01, respectively).
These results demonstrate that optogenetic inhibition of discrete
regions of the RSC selectively decreases cellular activity within that
region without significantly suppressing neural activity in adjacent
regions.

Inhibiting activity in the aRSC during acquisition of trace fear
conditioning impairs event-related memory

We predicted that aRSC activity would be needed to encode
event-related but not context-related memory. To test this, we
optogenetically inhibited the aRSC during acquisition of TFC
during the entire CS-UCS period (including the 20-s trace interval)
on each training trial. Groups did not differ during training
(Fig. 2A), confirmed by a 2 (Group: GFP, ArchT) x 33 (Minute)
ANOVA conducted to assess freezing throughout the training
session which found a main effect of minute, F3,, 416) = 45.46, p <
0.001, np2 =0.78, but no main effect of group nor an interaction,
Fs<1.

A 2 (Group: GFP, ArchT) x 3 (Condition: Baseline, CS, and ITI)
ANOVA conducted to assess freezing during the CS test (Fig. 2B)
found no main effect of group, F(;, 13y = 3.10, p = 0.10. However,
there was a main effect of condition, F(;, 26y = 127.12, p < 0.001,
ny,> =091, and the interaction was significant, F, 55 = 4.32, p =
0.02, npz = 0.25. Planned comparisons found that while there were
no group differences during baseline, F < 1, groups differed in CS
responding, F(;, 13y = 5.38, p < 0.05, np2 =0.29. ITl freezing was not
different between groups, F(;, 13 = 3.54, p = 0.08. An independent
samples t-test conducted to assess freezing during the context
test (Fig. 2C) found no differences, t;3y = 0.12, p = 0.91. Together,
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Fig. 2 Behavioral results following optogenetic inhibition of the aRSC during TFC (Mean/SEM). A-D Inhibition of the aRSC during the
CS-UCS pairings. E-H aRSC inhibition during ITI of training. Design schematic depicted directly above figures. Green overlay in schematic
indicates temporal placement of optogenetic inhibition. No group differences were demonstrated during training. UCS deliveries are marked
by dashed lines (A, E). When inhibition of the aRSC occurred in the CS of acquisition but not the ITl, ArchT animals froze less during the CS
during the CS test (B, F). No differences were seen when tested in the acquisition context (C, G), indicating that inhibition of the aRSC during
acquisition selectively impacts CS freezing. D, H Representative images of virus expression along the sagittal plane (x4 magnification).

Asterisks indicate p < 0.05.
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Fig. 3 Behavioral results following optogenetic inhibition of the pRSC during TFC (Mean/SEM). A-D aRSC inhibition during CS-UCS
pairings. E-H Inhibition during ITI of training. Experimental design schematic depicted directly above figures. Green overlay in schematic
indicates temporal placement of optogenetic inhibition. UCS deliveries are marked by dashed lines (A, E). No group differences were
demonstrated during training (A, E) or during the CS test (B, F). Animals froze less to the acquisition context when their pRSC was inhibited
during the training CS (C) but not when it was inhibited during the training ITI (G). Thus, pRSC inhibition during acquisition selectively impacts
context freezing. D, H Representative images of virus expression along the sagittal plane (x4 magnification). See text for more details.

Asterisks indicate p < 0.05.
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these results demonstrate that aRSC inhibition during the entire
CS-UCS period of acquisition resulted in decreased freezing to the
CS, but not to the context, despite having no impact on behavioral
performance during acquisition.

In order to examine if inhibition needed to overlap with training
trials, the aRSC was inhibited during the ITlI of trace fear
acquisition. A 2 (Group: GFP, ArchT) x 33 (Minute) ANOVA
conducted to assess freezing throughout the training session
(Fig. 2E) found a main effect of minute, F3;, 320) = 30.28, p < 0.001,
n,~ = 0.75, but no main effect of group nor interaction, largest F =
1.21, demonstrating that groups did not differ during this period.

A 2 (Group: GFP, ArchT) x 3 (Condition: Baseline, CS, and ITI)
ANOVA conducted to assess freezing during the CS test (Fig. 2F)
found no main effect of group or interaction between group and
condition, Fs < 1, but a main effect of condition, F(y, 20y = 29.03, p
<0.001, npzz 0.74. An independent samples t-test conducted to
assess freezing during the context test (Fig. 2G) found no
differences, t;0) = 0.39, p=0.70. aRSC inhibition during the ITI
had no impact on later freezing to the CS or to the context.

Inhibiting activity in the pRSC during trace fear acquisition impairs
memory for the conditioning context

We next inhibited the pRSC during acquisition and predicted that
this inhibition would selectively reduce later memory for the
context. Again, groups did not differ during training (Fig. 3A), as
confirmed by A 2 (Group: GFP, ArchT) x 33 (Minute) ANOVA that
found a main effect of minute, Fs, 3g4) = 39.89, p <0.001, n,° =
0.77, but no main effect of group or interaction, Fs < 1.

A 2 (Group: GFP, ArchT) x 3 (Condition: Baseline, CS, and ITI)
ANOVA conducted to assess freezing during the CS test (Fig. 3B)
found no main effect of group, F 12 = 1.53, p=10.24, and no
interaction, F< 1, but there was a main effect of condition, Fp, 24
= 70.25, p <0.001, r)p = 0.85, indicating that freezing increased
equally for all groups throughout training. Finally, when tested for
freezing to the acquisition context (Fig. 3C), animals infused with
the ArchT virus froze less than animals infused with the control
virus, tq2 = 5.25, p <0.001. Together, these results demonstrate
that inhibiting activity in pRSC impaired freezing to the context
but not CS-elicited freezing.
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We next wanted to determine whether pRSC inhibition needed
to coincide with CS-UCS pairings during acquisition or if inhibition
of this region at any point during this session would be sufficient
to reduce later freezing to the context. To test this, the pRSC was
inhibited during the ITI when discrete stimuli were not presented.
A 2 (Group: GFP, ArchT) x 33 (Minute) ANOVA that assessed
freezing throughout the training session (Fig. 3E) found a main
effect of minute, F3;, 30 = 29.44, p <0.001, np2:0.75, but no
main effect of group nor an interaction, Fs < 1, demonstrating that
groups again did not differ.

A 2 (Group: GFP, ArchT) x 3 (Condition: Baseline, CS, and ITI)
ANOVA conducted to assess freezing during the CS test (Fig. 3F)
found no main effect of group or interaction, largest F = 1.14, but
again a main effect of condition, F,, 50 = 32.06, p <0.001, n,’
0.76. An independent samples t-test conducted to assess freezing
during the context test (Fig. 3G) found no differences, t(;0) = 1.55,
p =0.15. These results indicate that there is no impact on later
memory performance when pRSC activity was inhibited during the
ITI between acquisition trials.

In the present dataset there was notable between-experiment
variability in responding to the CS. While this between-experiment
variability in responding is typical [38-41] we nonetheless wanted
to ensure that between-experiment variability did not account for
the pattern of results. First, we investigated if the dissociation
observed between aRSC and pRSC inhibition during training trials
was due to differences in variability in responding by each control
group (GFP) to the CS and the context by conducting tests for
homogeneity of variance. Variance was not different in freezing to
the CS (F=0.18, p = 0.68) or to the context (F=0.19, p = 0.67). We
then reanalyzed using each animal’s freezing to the CS and to the
context during the test as a percentage of the control animals’
freezing for each experiment (Fig. 4). This eliminates between-
experiment variability in absolute levels of freezing by placing
each cohort on the same scale. When the aRSC was inhibited
during the CS-UCS period during training (Fig. 4A), only freezing
to the CS was affected (p = 0.037), but responding to the context
was not (p =0.91). No differences during CS (p = 0.60) or Context
(p = 0.70) testing were found when the aRSC was inhibited during
the ITI (Fig. 4B). When the pRSC was inhibited during the CS-UCS
period of acquisition (Fig. 4C), freezing to the CS was unaffected
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° Inhlbn During ITI 3 GFP
B ArchT
150
g
=
8 100
=
50
0
Context
pRSC
Innmn During ITI = GFP
B ArchT

% Control

200
150
100

0
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Fig. 4 The main results from Figs. 2 and 3 were reanalyzed to express each animal’s responding as a percentage of the control animals
responding in order to account for any between-experiment variability. This analysis confirmed the results suggested by the raw data
presented in Figs. 2 and 3. Inhibition of the aRSC during training trials reduced later freezing to the CS while leaving freezing to the context
unaffected (A), but inhibition during the ITI had no impact (B). When the pRSC was inhibited during training trials (C), later freezing to the CS
was not impacted but freezing to the training context was reduced. Inhibition of activity during the ITI did not impact later performance did

not impact freezing to either the CS or the Context (D).
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(p = 0.23) but context freezing was reduced (p < 0.001). As before,
PRSC inhibition during the ITI (Fig. 4D) had no impact on later
freezing to the CS (p=0.61) or context (p=0.15). Thus, the
pattern of results was maintained when accounting for between-
experiment variability in responding.

DISCUSSION

We first demonstrated that optogenetic inhibition of either the
aRSC or pRSC resulted in reduced activity in the targeted region
without impacting activity throughout the RSC. We then found
that aRSC inhibition during CS-UCS pairings in a trace condition-
ing paradigm impaired event-related memory, but context
memory remained intact. When the pRSC was inhibited during
CS-UCS pairings event-related memory was unaffected, but
responding to the context was impaired. Importantly, inhibition
of the aRSC or pRSC for the same duration during the ITI had no
impact on responding to either the CS or the context, suggesting
that activity in these regions specifically during CS-UCS pairings is
crucial to distinct aspects of memory formation. Inhibition in these
regions during the acquisition session is not sufficient to produce
the observed effects; it instead needs to be applied to correspond
with learning trials.

The current experiments add further support to findings
suggesting separate roles for the aRSC and pRSC in encoding of
event- and context-related memory [1, 12]. One likely explanation
as to why the pRSC is preferentially involved in contextual learning
is that it is highly interconnected with the DH, a brain region
heavily involved in context-dependent learning and memory. The
aRSC shares preferential connections with the ACC, a region
critically important in CS-related memory [19, 20] but not context
memory [42, 43].

Activity in the RSC is also important in retrieval of a trace fear
memory [e.g., 30, 44]. While the present findings clearly
demonstrate dissociable roles for the aRSC and pRSC during
encoding of TFC, it has yet to be determined if a similar
dissociation exists during memory retrieval. From the current
results, there are two clear hypotheses as to how RSC subregions
might contribute to retrieval of trace fear memory. The first is that
a similar dissociation will exist at retrieval, with the aRSC being
needed for recall of CS-related memory and pRSC being needed
for recall of context-related memory. However, given the
proposed role for the RSC in information integration, the RSC
might more uniformly retrieve “what” (event-related) and “where”
(context-related) information and inhibiting either aRSC or pRSC
activity during retrieval would produce memory deficits.

Some seemingly disparate findings do exist. Pre-training
infusions of the protein synthesis inhibitor anisomycin into the
aRSC weakened memory for the CS following trace fear
conditioning and context memory following both delay and trace
fear conditioning [45]. Related experiments have demonstrated
that aRSC activity following acquisition is important for object
memory, both when contextual information is needed and when
it is not [1]. This might suggest that activity in the aRSC during
CS-UCS encoding is not needed to learn context fear, but protein
synthesis in this region following TFC is important, supporting the
view that the RSC is a critical hub of information binding during
memory consolidation [9]. A similar information-binding role has
also been attributed to the DH [46]. Future work will need to
determine the distinct role of the RSC subregions in this process.

Given the importance of contextual processing in memory
encoding and maintenance, understanding neural processes that
encode precise contextual information associated with fear
conditioning will aid our understanding the neural and molecular
contributions to this phenomenon. The current findings suggest
that the RSC may be an important target for treating behavioral
disorders that stem from disrupted contextual processing and
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dysfunction in this basic memory process has far-reaching
implications for several neuropsychiatric disorders.
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