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Previous findings indicate that the insular cortex (IC) is involved
in conditioned taste aversion and taste recognition. Here we re-
port evidence that the IC is not uniquely dedicated to taste learn-
ing but plays a more general role in consolidating recognition
memories. Immediate post-training infusions of the muscarinic
cholinergic receptor antagonist scopolamine administered into
the IC produced locus-specific and time-dependent impairment
of object recognition memory.

Extensive evidence indicates that the IC, also termed gusta-
tory cortex, is critically involved in conditioned taste aversion
and taste recognition memory (Bermudez-Rattoni 2004). Al-
though most studies of the involvement of the IC in memory
have investigated taste, there is some evidence that the IC is
involved in memory that is not based on taste (Bermudez-Rattoni
and McGaugh 1991; Bermudez-Rattoni et al. 1991; Paller et al.
2003; Reed et al. 2004). Converging evidence from animal and
human studies suggests that a network of temporal cortical re-
gions participates in recognition memory (Tang et al. 1997;
Aggleton and Brown 1999; Malkova and Mishkin 2003; Reed et
al. 2004). However, there is little information on the role of the
IC in visual recognition memory. Therefore, the present study
examined the involvement of the IC in the consolidation of ob-
ject recognition memory, a task based on the tendency of rodents
to explore a novel object more than a familiar one (Ennaceur and
Delacour 1988). As microdialysis studies have shown that the
release of acetylcholine in the IC in response to a novel, but not
a familiar, taste stimulus (Miranda et al. 2000) and cortical cho-
linergic activity is involved in the acquisition of object recogni-
tion memory (Tang et al. 1997; Warburton et al. 2003), the pres-
ent study examined whether the muscarinic cholinergic receptor
antagonist scopolamine infused into the IC immediately after
training impairs the consolidation of object recognition
memory. To control for site specificity, other rats received post-
training infusions of scopolamine into the frontoparietal cortex
(FPC), dorsomedial but adjacent to the IC. All experimental pro-
cedures were in compliance with NIH guidelines and approved
by the UC Irvine’s Institutional Animal Care and Use Committee.

Adult male Sprague-Dawley rats (280–320 g at time of sur-
gery) from Charles River Laboratories were implanted under so-
dium pentobarbital anesthesia (50 mg/kg, ip) with bilateral guide
cannulae (23-ga.) aimed either at the IC [coordinates of the in-
fusion sites from bregma (Paxinos and Watson 1986): anteropos-
terior (AP), +1.2 mm; mediolateral (ML), �5.5 mm; dorsoventral
(DV), �6.5 mm] or the FPC (AP, +1.2 mm; ML, �4.0 mm; DV,
�3.0 mm). Histological examination revealed that the injection

needle tips were placed in the granular and agranular divisions of
the IC, from �0.3 to +1.7 mm from bregma (Fig. 1A). Needles
aimed at the FPC were found in the dorsal FPC from �0.8 to +1.7
mm from bregma (Fig. 1B). Three animals with cannulae mis-
placements were excluded from analyses, leaving 8–11 animals
per group.

After recovery, the rats were trained and tested on an object
recognition task (for general procedures, see Okuda et al. 2004).
Rats were initially habituated to the open-field box (40 cm wide
� 40 cm deep � 40 cm high), without any objects, for 3 min
each on five consecutive days. On the training trial, the rat was
placed in the open field for 10 min and allowed to freely explore
two identical objects [either two opaque glass light bulbs (6-cm
dia, 11-cm length) or two transparent glass vials (5.5-cm dia,
5-cm height)]. The time spent exploring each object and the total
time spent exploring both objects were recorded. Exploration of
an object was defined as pointing the nose to the object at a
distance of <1 cm and/or touching it with the nose. Turning
around, climbing, or sitting on an object was not considered
exploration. The muscarinic cholinergic receptor antagonist sco-
polamine (30 µg in 0.5 µL of saline, Sigma) or saline was infused
bilaterally (for 60 sec) into the IC or the FPC immediately (Sal or
Sc-0) or 160 min (Sc-160) after the training trial. Nonoperated
rats (Non-Surg) served as controls and were trained using the
same procedure.

During the training trial, the groups exhibited comparable
time exploring each of the two identical objects (one-sample t-
tests: P � 0.23). A discrimination index was calculated as the dif-
ference in time spent exploring the two objects, expressed as the
ratio of the total time spent exploring both objects (Ennaceur
and Delacour 1988). One-way ANOVAs indicated no differences
in the discrimination index among groups on the training trial
(IC: F3,33 = 0.93, P = 0.44; FPC: F3,36 = 0.54, P = 0.66; data not
shown). One-way ANOVAs for total exploration time of the two
identical objects on the training trial also revealed no differences
between groups prior to drug treatment (Table 1).

For 24-h retention testing, the rat was placed in the experi-
mental apparatus for 3 min, and the time spent exploring a copy
of the object used on the training trial (familiar object) and a new
object was recorded. All combinations and locations of objects
were used in a balanced manner to reduce potential biases due to
preference for particular locations or objects. On the retention
test, the discrimination index of the nonoperated rats and of
those given saline into the IC were significantly different from
zero (both, P < 0.0001), indicating that they readily discrimi-
nated the novel object (Fig. 1C). However, rats given immediate
post-training infusions of scopolamine (Sc-0) into the IC failed to
show a significant exploration preference for the novel object.
Delayed infusions of scopolamine into the IC (Sc-160) did not
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impair retention, indicating a time-limited involvement of the IC
in the consolidation of object recognition memory. One-way
ANOVA for discrimination index also showed a significant group
effect (F3,33 = 13.54, P < 0.0001), and post hoc analysis revealed
that the Sc-0 group had a significantly decreased discrimination
index compared to rats treated with saline (Fisher’s: P < 0.0001)
as well as those given delayed infusions of scopolamine (Fisher’s:
P < 0.0005, Fig. 1C). In contrast, neither immediate nor delayed
infusions of scopolamine into the FPC impaired retention per-
formance. Furthermore, one-way ANOVA for discrimination
index for the FPC groups indicated no group differences
(F3,36 = 0.35, P = 0.78; Fig. 1D). In both the IC and FPC studies,
one-way ANOVAs for total exploration time of the two objects on
the test trial revealed no differences between groups (Table 1).

The novel finding of this study is that immediate post-
training infusions of the muscarinic cholinergic receptor antago-
nist scopolamine administered into the IC impaired object rec-
ognition memory, whereas scopolamine infused into the adja-
cent FPC did not impair memory. These findings provide
compelling evidence that the IC is not engaged uniquely in the
(associative) learning and recognition of taste, but that it plays a
more general role in recognition memory. Such findings fit well
with recent findings of two brain imaging studies suggesting an
involvement of the IC in human face and tactile recognition
(Paller et al. 2003; Reed et al. 2004), as well as with evidence that
reversible or permanent lesions of the IC produce strong impair-
ments in the consolidation of inhibitory avoidance and water-
maze spatial learning (Bermudez-Rattoni and McGaugh 1991;
Bermudez-Rattoni et al. 1991; Nerad et al. 1996).

It is well established that a network of temporal structures
including the perirhinal, parahippocampal, and entorhinal cor-
tices and the hippocampus participates in recognition memory.
Our results suggest that the IC is part of this network, as it is
highly involved in processing the consolidation of newly pre-
sented tastes and, as the present findings indicate, of objects.
There are extensive reciprocal connections between the IC and
all of these other brain regions (Swanson and Kohler 1986;
McIntyre et al. 1996; Lavenex et al. 2002), suggesting a high
degree of functional overlap between these different brain re-
gions. However, particular regions of the cortical mantle appear

to be more importantly involved in object recognition memory.
It has been reported that transient inactivation of the perirhinal
cortex and the medial prefrontal cortex produces differential ef-
fects on object recognition memory and temporal order discrimi-
nation. Whereas inactivation of the perirhinal cortex blocks the
encoding of object recognition memory, similar inactivation of
the medial prefrontal cortex blocks memory of recency, but not
familiarity of the objects (Hannesson et al. 2004). Although more
research is necessary to determine which brain areas are involved
in novelty-familiarity recognition or other aspects of recognition
memory, it seems that temporal cortical structures located along
the rhinal sulcus, including the IC, are highly involved in recog-
nition memory (Aggleton and Brown 1999).

Previous studies have reported that pretraining microinjec-
tions of scopolamine into monkey perirhinal cortex impair ac-
quisition on a visual recognition memory task (Tang et al. 1997).
Furthermore, scopolamine administered to rats either systemi-
cally or directly into the perirhinal cortex before training was
found to disrupt acquisition and/or consolidation of recognition
memory (Warburton et al. 2003). The present study, however, is
the first to demonstrate that immediate post-training, but not
delayed, microinfusions of scopolamine into the cortex impair
object recognition memory. These findings indicate a time-
limited involvement of cholinergic activation in the IC in the
consolidation of recognition memory and are congruent with
extensive evidence indicating a critical role of the cholinergic
system of the IC in taste memory consolidation (Naor and Dudai
1996; Gutierrez et al. 2003a,b). Microdialysis studies have shown
that exposure to novel environments or novel tastes produces a
significant cortical release of acetylcholine, but not of glutamate
or GABA (Miranda et al. 2000, 2002; Giovannini et al. 2001).
However, after several presentations of a given taste or exposures
to the same environment, there is a significant weakening of the
acetylcholine response until it reaches baseline levels (Acquas et
al. 1996; Pepeu and Blandina 1998; Miranda et al. 2000). These
findings suggesting an inverse relationship between familiarity
and cortical acetylcholine release fit well with the present find-
ings indicating that muscarinic receptor blockade impairs recog-
nition memory by preventing novel objects or tastes from be-
coming familiar.

In summary, our findings suggest that the IC is involved in
object recognition memory and that cholinergic activity within
the IC is critically involved in the consolidation of object famil-
iarity underlying recognition memory. These results provide
compelling evidence that the IC is involved in declarative
memory, and they open new venues for investigating the in-
volvement of temporal structures and molecular mechanisms in
the consolidation of different kinds of declarative memory.

Table 1. Total object exploration time on the training and
test trials

Insular cortex Fronto-parietal cortex

Training Test Training Test

Non-Surg 56.8 � 5.0 23.0 � 5.6 54.1 � 3.5 14.9 � 1.3
Sal 58.6 � 2.8 17.7 � 1.5 50.3 � 6.7 17.0 � 2.0
Sc-0 68.6 � 6.0 16.1 � 1.8 64.4 � 9.7 22.5 � 6.6
Sc-160 61.1 � 5.1 22.3 � 2.0 59.7 � 4.7 16.8 � 1.7
P-values 0.32 0.33 0.44 0.43

Total time spent exploring the two objects (two identical objects for the
training trial, and a familiar and a novel object for the test trial), expressed
as mean � SEM, in sec. Scopolamine or saline was infused immediately
(Sal and Sc-0) or 160 min (Sc-160) after the training trial. One-way
ANOVA for total object exploration time revealed no differences between
drug groups on the training and test trials.

Figure 1. Scopolamine infused into the IC but not the FPC impaired
the consolidation of object recognition memory. (A,B) Diagram and pho-
tomicrograph illustrating placements of cannulae and needle tip in the IC
(A) and FPC (B). (C,D) Effects of scopolamine on object recognition
memory. Scopolamine (30 µg in 0.5 µL) or saline was infused bilaterally
into the IC (C) or the FPC (D) immediately (Sal and Sc-0) or 160 min
(Sc-160) after the training trial. Data are presented as discrimination
index (mean � SEM; see main text). **, P < 0.0001 vs. Saline group
(n = 11 per group).
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