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Brief Communication

Making context memories independent

of the hippocampus
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We present evidence that certain learning parameters can make a memory, even a very recent one, become independent
of the hippocampus. We confirm earlier findings that damage to the hippocampus causes severe retrograde amnesia for
context memories, but we show that repeated learning sessions create a context memory that is not vulnerable to the
damage. The findings demonstrate that memories normally dependent on the hippocampus are incrementally
strengthened in other memory networks with additional learning. The latter provides a new account for patterns of
hippocampal retrograde amnesia and how memories may become independent of the hippocampus.

[Supplemental material is available online at www.learnmem.org.]

Contextual fear conditioning can be supported by two neural
systems, one that contains the hippocampus (HPC), and one that
does not. Evidence for this assertion comes from studies in which
the HPC, in rats, is damaged either before or after the contextual
fear conditioning. Extensive damage to the HPC before condition-
ing has little effect on contextual fear conditioning (Maren et al.
1997; Frankland et al. 1998; Wiltgen et al. 2006). This result can
only mean that there is a non-HPC memory system that can sup-
port fear of context. In contrast, there is unequivocal evidence that
moderate to extensive damage to the HPC soon after learning se-
verely impairs the ability of the conditioning context to evoke fear,
suggesting that the HPC normally makes a major contribution to
this type of memory (Kim and Fanselow 1992; Maren et al. 1997;
Frankland et al. 1998; Anagnostaras et al. 1999; Debiec et al. 2002;
Lehmann et al. 2007b; Sutherland et al. 2008; Wang et al. 2009).
The dissociable effects of pre- and post-training HPC damage
on contextual fear conditioning have been interpreted as suggest-
ing that: (1) When the HPC is intact during learning it interferes
with other systems and prevents them from acquiring an in-
dependent contextual fear conditioning memory, and (2) when
the HPC is absent, these other systems are released from this
interference and are able to rapidly acquire an independent
memory (Maren et al. 1997; Frankland et al. 1998; Fanselow and
Poulos 2004; Driscoll et al. 2005; Lehmann et al. 2006; Sutherland
et al. 2006). The latter interference from the HPC on the other
memory systems has been termed overshadowing. Supplemental
Figure S1 depicts data from our laboratory demonstrating the
overshadowing phenomenon and the dissociable effects of HPC
damage induced before and after contextual fear conditioning.
Very little, however, is known about the parameters deter-
mining the extent to which the HPC system interferes with the
non-HPC system for control over contextual fear. The purpose of
the current study is to provide some insight into this issue.
Typically, contextual fear conditioning in rats is conducted in
a single conditioning session in which a configuration of static
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background cues is paired with several footshocks. When re-
turned to the conditioning context, rats display several species-
specific defensive responses including freezing (i.e., absence of
movement except for breathing). Several theorists have proposed
that non-HPC systems are more likely to be recruited when there
are multiple experiences with similar events, which, in turn,
would mitigate the necessity of the HPC for memory expression
(O’Keefe and Nadel 1978; Sherry and Schacter 1987; McClelland
et al. 1995; O’Reilly and Rudy 2001; White and McDonald 2002).
Accordingly, we hypothesized that repeated contextual fear con-
ditioning sessions separated by hours and days would overcome
the HPC interference or overshadowing effect. In other words,
with repeated learning sessions, enough information would be in-
crementally captured by the non-HPC system to support a contex-
tual fear memory that would survive complete damage to the HPC.
Adult male rats received 11 fear-conditioning sessions across
6 d. In each session, they were placed in a context and received
mild footshocks (Shock Context). Concurrently, the rats were
exposed 10 times to another context in which they never received
shock (No-Shock Context). The No-Shock Context served as
a control condition to measure whether the rats simply showed
generalized fear or could show context-specific memory. Within
72 h following the last conditioning session, rats either received
sham surgery or complete lesions of the HPC using the neurotoxin
N-methyl-p-aspartic acid (NMDA) (Lehmann et al. 2007a). Rats
were then tested for retention in both the Shock and No-Shock
Contexts in a counterbalanced order. In addition, in a single learn-
ing episode, another group of rats received a matching number
of shocks (i.e., 12 shocks) and context exposure (i.e., 17 min),
and then received surgery 7-10 d after conditioning. The latter
interval is identical to the interval between the initial con-
ditioning session and surgery in the repeated learning condition.
Figure 1 illustrates and describes the design of the experiments.
When all shocks were delivered in a single session, HPC
damage caused profound retrograde amnesia. As illustrated in
Figure 2A, the HPC rats displayed significantly less freezing than
control rats during the retention test (fg) = 23.895, P <0.001). This
result replicates all previous studies in which the HPC was
damaged days after a single contextual fear conditioning training
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Figure 1. lllustration of the experimental design used in (A) the single
conditioning session and (B) repeated conditioning session experiments.
In A the rats were initially placed in the conditioning chamber for 17 min
and received the first of 12 footshocks (1 mA/2 sec) at the 300-sec mark,
and then one every following 58 sec after shock offset. Seven to 10 d
later, the rats either received sham or HPC damage (Sx). Approximately
10 d after, the rats were returned to the chamber to assess freezing over
a 5-min retention test. In B the rats were placed initially in the con-
ditioning chamber for 1 min and received a shock at the 45-sec mark
(Shock Context). Approximately 45 min later, the rats were placed in
a different chamber for 1 min and did not receive shock (No-Shock
Context). The procedure was repeated twice daily for five consecutive
days, and the Shock and No-Shock chamber order was counterbalanced
according to the principles of a Latin Square design. The rats then
received sham or HPC damage 1-3 d later. The rats’ retention was
assessed in both contexts ~10 d after surgery in both the Shock and No-
Shock Context in a counterbalanced order with a 24-h span between
tests. Importantly, the number of shocks, context exposure time, and
interval between initial learning and surgery were matched between both
experiments.
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session (Kim and Fanselow 1992; Maren et al. 1997; Frankland
et al. 1998; Anagnostaras et al. 1999; Debiec et al. 2002; Lehmann
et al. 2007b; Sutherland et al. 2008).

In striking contrast, memory for contextual fear conditioning
was spared when the HPC was damaged after repeated conditioning
sessions. Figure 2B shows the percent time spent freezing dur-
ing the retention test in the Shock and No-Shock Contexts. An
ANOVA with between-group factor (Le-
sion: Sham and HPC) and within-group
factor (Context: Shock and No-Shock) A)
revealed a significant main effect of Con-
text (Fq,14) = 84.731, P < 0.001), indicat- 100 :

ing that the rats displayed higher levels of

freezing in the Shock than in the No- 80
Shock Context. The effect of Lesion
(F(1,14) = 4.280, P = 0.058) was not signif-
icant, nor was the Lesion X Context
interaction (F(1,14) = 0.877, P = 0.369),
suggesting that extensive HPC damage
did not impair memory. The tendency for
an effect of Lesion is due to the HPC rats 20
freezing less than the Sham rats in the

60

Freezing (%)

No-Shock Context (P = 0.06) rather than

evidence suggests that context discrimination is dependent on
the HPC (see Moscovitch et al. 2006). Indeed, studies of rats with
HPC damage induced before learning have shown that contextual
fear conditioning is acquired quickly by non-HPC systems in
a single session, but the ability to discriminate between the
training context and a new context is lost (Frankland et al. 1998;
Antoniadis and McDonald 2000; Winocur et al. 2007). Hence, it is
significant in the present study that the HPC damage did not
impair context discrimination abilities in the rats that received
repeated learning episodes. The latter appear to have established
a context representation, outside of the HPC, that was not bereft of
details. Yet, one should consider that the rats in the repeated
sessions experiment received experience in both the Shock and
No-Shock Contexts prior to surgery, and this discrimination
training procedure may have established two different non-HPC
representations. It remains possible that HPC damage would
impair the ability to discriminate the Shock Context from a new
context, which is what is found in anterograde amnesia studies
(Frankland et al. 1998; Antoniadis and McDonald 2000; Winocur
et al. 2007). To address this possibility, a new experiment exam-
ined whether HPC-damaged rats could discriminate the Shock
Context from a Novel Context. Rats were trained with the same
repeated learning protocol as described earlier, with the exception
that the rats were never placed in the No-Shock Context prior to
surgery. One to 3 d following learning, the rats either received
Sham or complete HPC damage. They were then tested for
retention in the Shock and the Novel (i.e., No-Shock) Context in
a counterbalanced order. Figure 3 shows the percent time spent
freezing during the retention test in the Shock and Novel Con-
texts. An ANOVA with between-group factor (Lesion: Sham and
HPC) and within-group factor (Context: Shock and Novel)
revealed that the rats froze significantly more in the Shock than
the Novel Context (F(1,10) = 57.393, P < 0.001). However, no
significant difference was found between the HPC and Sham
groups (Fq,10) = 0.597, P = 0.458) and the Lesion X Context
interaction did not reach significance (F,10) = 0.123, P = 0.733).
Thus, as in the previous repeated sessions experiment, the HPC
damage did not cause retrograde amnesia for contextual fear
conditioning and, more importantly, the HPC damage did not
impair the ability to discriminate between the original context
and new context.
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freezing less in the Shock Context (P =

0.457).

The repeated conditioning sessions
clearly enabled a contextual fear repre-
sentation to be established in non-HPC
memory systems. However, it is surpris-
ing that the HPC damage did not impair
the ability to discriminate between the
Shock and No-Shock Context, because
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Figure 2. Mean (= SEM) percent time freezing by Sham and HPC rats during the retention test of the
(A) single conditioning (12 shocks) experiment and (B) repeated conditioning session experiment. In A
the HPC rats showed significantly less freezing (P < 0.001) than the Sham rats, suggesting that the
damage caused profound retrograde amnesia for contextual fear conditioning learned in a single
session 7-10 d before surgery. In B the performance of the HPC rats did not significantly differ from the
Sham rats, and they exhibited significantly more freezing in the Shock Context than the No-Shock
Context (P < 0.001). Consequently, repeated conditioning sessions prevented the retrograde amnesic
effects normally observed in contextual fear conditioning following HPC damage, suggesting that other
neural networks were now able to support the memory.
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Figure 3. Mean (= SEM) percent time freezing by Sham and HPC rats
in the Shock and Novel Contexts during the retention tests of the
discrimination experiment. The rats exhibited significantly more freezing
in the Shock than the Novel Context (P < 0.001), and the HPC rats did not
significantly differ from the Sham rats, suggesting that the HPC-damaged
rats remembered the specific meaning of the Shock Context as well as
control rats. Hence, repeated conditioning sessions established a context-
rich representation in non-HPC systems, which supports successful con-
text discriminations.

The absence of amnesia for contextual fear conditioning in
the current study is not due to insufficient damage to the HPC. We
calculated (see Lehmann et al. 2007b) that an average of 83% of
the HPC was damaged across rats (smallest: 64%, largest: 90%)
in the repeated learning experiments (see Supplemental material
for more histological details). The amount of HPC damage is
substantially more than that found in most studies reporting
impairments for contextual fear conditioning following HPC
damage (Kim and Fanselow 1992; Maren et al. 1997; Frankland
et al. 1998; Anagnostaras et al. 1999; Debiec et al. 2002) and more
than for the single-session experiment (average 76%) in which we
currently report amnesia. Therefore, the amount of HPC damage
inflicted in the rats in this study is certainly sufficient to disrupt
HPC-dependent memories.

Like others (Kim and Fanselow 1992; Maren et al. 1997;
Frankland et al. 1998; Anagnostaras et al. 1999; Debiec et al. 2002;
Lehmann et al. 2007b; Sutherland et al. 2008), we found that
damage to the HPC after a single contextual fear-conditioning
session involving multiple shocks produces profound retrograde
amnesia for contextual fear conditioning. However, in two sepa-
rate experiments, distributing shock across multiple conditioning
sessions prevented this amnesia. In one case, the rats experienced
Context-Shock pairings in one context and no shock in another
context. Following this training, rats with damage to the HPC did
not differ from control rats in the absolute amount of freezing in
the training context nor in their ability to discriminate between
the two contexts. In the second case, rats only received the
multiple Context-Shock sessions. Rats with damage to the HPC
could not be distinguished from control rats during the test in the
training context or in their responses to a novel context. These
findings provide new support for the general idea that contextual
fear conditioning can be supported by both HPC and non-HPC
systems. This conclusion is supported by (1) the finding that
damage to the HPC following a single conditioning session vir-
tually eliminates freezing during the test, implying the impor-
tance of the HPC system, and (2) that following multiple con-
ditioning sessions, damage to the HPC has no effect on either
contextual fear displayed in the training context or their ability to
discriminate the training context from other contexts, suggesting
the existence of non-HPC systems that can support contextual
fear. The findings also reveal that the overshadowing or interfer-
ence by the HPC over the non-HPC memory systems for control
over contextual fear is not absolute. Following a single conditioning
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session, removal of the HPC produced a devastating retrograde
amnesia, illustrating substantial overshadowing. However, distrib-
uting conditioning across several sessions completely attenuated
the effects of damage to the HPC, revealing that non-HPC systems
can support contextual fear conditioning despite the HPC, and
revealed the importance of multiple sessions for this to occur.

The overshadowing by the HPC is based on the familiar idea
in associative learning at the behavioral level, where through a
competitive process some of the cues that redundantly predict
a reinforcer acquire the ability to generate strong conditioned
responding, while other equally predictive, but less salient cues do
not (Stout et al. 2003). Conditioning to the less potent cues pro-
ceeds more effectively if the more potent competitors are absent.
Following the same principle, if the HPC representation is active,
then learning in the non-HPC systems suffers strong interference.
In contrast, in the absence of the HPC representation, learning in
non-HPC systems is released from this interfering effect of the
HPC. Thus, the learning rate in non-HPC networks is potently
lowered by the activity of the HPC. However, with repeated learn-
ing, other structures, which are overshadowed by the HPC, may
cumulatively build a representation that achieves HPC indepen-
dence. The current findings clearly support this hypothesis,
whereby repeated learning episodes incrementally established a
contextual fear-conditioning representation outside of the HPC
that mitigated the usual retrograde amnesic effects of HPC damage.

One important question is where does the HPC interference
occur? Biedenkapp and Rudy (2009) recently reported that the
HPC competes with the basolateral region of the amygdala during
fear conditioning. Previously, Guarraci et al. (1999) found that the
amount of conditioned fear produced by training could be in-
creased if the dopamine D1 receptor agonist SKF82958 was in-
jected into the basolateral region. Biedenkapp and Rudy (2009)
reasoned that if this is the area where the HPC interferes with non-
HPC systems for the association with shock, then a local infusion
of SKF82958 before a single session of contextual fear condition-
ing should attenuate the interference and allow the non-HPC
system to gain more control over contextual fear. Their data
supported this hypothesis, which leads to the possibility that with
multiple conditioning sessions, the non-HPC system gradually
gains association with these fear-supporting neurons in this region
of the brain.

Patients with bilateral damage to the HPC often exhibit
temporally graded retrograde amnesia, such that recently acquired
memories are lost, whereas remote memories, especially those
acquired years before the damage, are more likely to be spared
(Scoville and Milner 1957; Rempel-Clower et al. 1996). This
pattern of amnesia is taken as evidence for temporally based
systems consolidation, whereby over time the essential support
for memories is “switched” from dependence on the HPC to
neocortical networks (McClelland et al. 1995; Squire and Alvarez
1995; Anagnostaras et al. 2001; Meeter and Murre 2004; Squire
et al. 2004; Wiltgen et al. 2004; Frankland and Bontempi 200S5).
Our research, however, points to another process for becoming
independent of the HPC, a change in the strength of the
representation in non-HPC systems during learning rather than
a consolidation process linked to the passage of time since the
learning episode. A study of a former London taxi driver with
bilateral HPC damage alludes to this possibility (Maguire et al.
2006). This amnesic patient showed greater retrograde amnesia for
roads that he used less commonly than the major arteries that he
used regularly. Hence, greater exposure to the major arteries
established memories in non-HPC systems, whereas roads with
less exposure remained dependent on the HPC regardless of the
age of the memory. Our findings add support to this view, because
studies examining the effects of complete HPC damage after
a single conditioning episode suggest that the HPC is permanently
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involved in contextual fear conditioning (Lehmann et al. 2007b;
Sutherland et al. 2008); yet, with repeated learning episodes we
clearly demonstrated that the memory rapidly becomes indepen-
dent of the HPC. The latter is important because the process for
memories becoming independent of the HPC need not require
systems consolidation.

In conclusion, this is the first example of intact contextual
fear memories following complete HPC damage induced soon
after learning. Importantly, repetition of the learning episode
underlies the change in memory from HPC dependent to HPC
independent. We argue that each learning episode incrementally
establishes a representation in non-HPC memory systems—a rep-
resentation that ultimately becomes sufficiently strong to support
memory expression without the HPC. The current findings also
demonstrate the critical need to consider learning parameters
when discussing patterns of retrograde amnesia and the role of
the HPC in memory.
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